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MIDLAND    INSTITUTE    OF    MINING,    CIVIL    AND 
MECHANICAL    ENGINEERS. 


GENERAL    MEETING, 

Held  at  the  Royal  Victoria  Statiox  Hotel,  Sheffield, 
February  24th,  1900. 


Mk.   W.  H.  CHAMBERS,  President,  ix  the  Chair. 


The   minutes   of   the   previous   General    Meeting    were    read    and 
confirmed. 


The    following    gentlemen    were    elected,   having    been   previously 
nominated  : — 

Member— 
Mr.  George  Farmer,  Colliery  Manager,  3  StrafForth  Terrace,  Denaby  Main, 
Rotlierham. 

Associate — 
Mr.  Thob.  Batt,  Oiilton,  Leeds. 


Prof.  W.  Ripper  read  the  following  paper  on  "A  Power-indicator 
for  Steam-engines":  — 


A   POWER-INDICATOR. 


A  POWER-INDICATOE  FOR  STEAM-ENGINES. 


By  W.  RIPPER. 


The  writer  was  led  to  design  this  power-indicator,  owing  to  the 
difficulties  of  indicating  high-speed  engines  with  the  ordinary  indicator. 
In  the  early  days,  he  thought  that,  if  he  could  separate  the  motor-steam 
that  was  always  driving  the  piston  into  one  chamber,  and  the  exhaust- 
steam  that  was  alsvays  resisting  the  motion  of  the  piston  into  another 
chamber,  he  could  by  means  of  thermometers  placed  in  each  chamber,  read 
the  mean  temperature  of  the  steam  passing  through  the  cylinder. 
Afterwards,  he  could  obtain  the  corresponding  mean  pressure  of  the  steam 
from  tables,  and  subtracting  one  from  the  other,  he  would  obtain  a  con- 
stant record  of  the  mean  effective  pressure  of  the  steam  in  the  cylinder 
of  the  engine 

Figs.  1  and  2  (Plate  XX.)  shew  the  instrument  adopted  for  ascertain- 
ing the  temperature  of  the  steam.  The  thermometer  was  placed  inside  the 
brass  tube.  A,  and  was  surrounded  with  oil.  He  found  that  the  pressure 
obtained  from  the  recorded  mean  temperature  of  the  steam  was  always 
below  the  actual  mean  pressure,  as  shown  in  Fig.  3  (Plate  XX.). 

He  thought  at  first  that  an  accurate  record  of  the  mean  pressure  of 
the  steam  could  not  be  ascertained  by  means  of  a  pressure-gauge,  but  on 
trial,  he  found  that  he  was  al:)le  to  measure  the  true  pressure  by  means  of 
a  gauge,  without  resorting  to  the  thermometer-arrangement.  Another 
instrument  that  he  had  devised  was  illustrated  in  Fig.  4  (Plate  XX.)  ;  in 
which  the  mean  effective  pressure  of  the  steam  is  recorded  by  the  pointer. 

As  the  instrument  did  not  record  sufficiently  accurate  results,  he 
changed  the  design,  and  the  final  form  of  the  instrument  is  shq^n  in 
Fig.  5  (Plate  XX.).  Altogether  he  had  tried  seven  different  types  of  the 
instrument.  He  considered  that  the  instrument  shown  in  Fig.  5  was 
the  best,  because  it  was  an  automatic  instrument.  The  two  gauges 
recorded  steadily  the  pressures  of  the  driving  or  motor-steam,  and  of  the 
resisting  or  exhaust-steam. 

He  had  had  much  trouble  in  order  to  obtain  perfect  gauges,  and 
found  that  they  worked  most  efficiently  in  an  inverted  position.  In 
order  to  obtain  a  steady  reading  of  the  mean  pressure  acting  upon  a 
gauge,  the  author  employs  two  throttling-taps,  one  (A)  close  to  the  instru- 
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ment,  and  the  other  (B)  close  to  the  gauge  ;  and  by  the  use  of  these 
regulating  taps,  the  oscillations  of  the  pointer  of  the  gauge  may  be 
reduced  to  the  requisite  degree  of  steadiness,  without  interfering  with 
the  accuracy  of  the  reading  of  the  steam-pressure.  There  was  a  rough 
adjustment  by  one  tap,  and  a  fine  adjustment  by  the  tap  near  the  gauge. 

He  had  made  experiments  to  ascertain  the  amount  of  throttling 
requisite  in  order  to  ensure  a  steady  mean  reading  of  the  pressure-gauge 
when  subject  to  variations  of  pressure.  He  attached  the  pressure-gauge 
to  the  cylinder  by  means  of  a  syphon-pipe,  and  found  that  the  mean 
efifective  pressure  was  recorded  when  he  coiUd  maintain  the  water  in  the 
syphon.  After  lengthy  trials,  he  found  at  length  that  he  could  keep  the 
water  in  the  syjihon  by  throtthng  it  at  each  end,  and  he  had  experienced  no 
difficulty  since  that  discovery.  The  pressure-gauge  when  so  adjusted 
gave  constant  readings,  and  the  pointer  was  steady,  so  long  as  the  load 
was  steady. 

The  ordinary  indicator  only  gave  a  ""snap-shot"  of  the  power  of  the 
engine  at  the  particular  stroke  at  which  that  diagram  was  taken.  It 
was  important  for  many  purposes  that  the  engineer  should  know  not  only 
what  happened  at  one  moment  but  whether  the  pressure  changed  from 
moment  to  moment :  and  his  improved  gauge  showed  all  the  changes 
that  were  taking  place  every  moment  in  the  cylinder,  in  compound 
engines,  triples,  or  four  cylinders  combined. 

It  was  well  known  that  very  often  the  power  of  a  compoimd  engine 
was  not  equally  distributed  between  the  various  cylinders  : — thus  the  low- 
pressure  cylinder  might  be  doing  twice  as  much  work  as  the  high- 
pressure  cylinder.  The  engineman  might  find  that  a  pin  became  hot, 
but  it  would  not  occur  tu  him  that  one  cyhnder  was  doing  more  work 
than  the  other.  This  gatige  would  show  the  power  developed  by  each 
cylinder,  and  whether  the  power  was  distributed  as  it  should  be  between 
the  cylinders. 

In  an  electric-station  plant  it  was  needful  to  know  exactly  what  work 
was  being  developed.  If  two  engines  were  working  at  half  load,  and  one 
could  do  the  work  at  full  load,  it  would  be  more  economical  to  work  one 
engine  only.  If  the  pressure-gauge  were  marked  so  as  to  show  the  load 
for  which  an  engine  was  best  fitted,  the  engineer  on  going  to  the 
engine-house  would  know  whether  the  engine  was  working  at  the  most 
efficient  load  or  not. 


The  Peesidext  (Mr.  AY.  H.  Chambers)  remarked  that  the  instru- 
ment described  by  Prof.  Ripper  would  facilitate  registering  of  the  duty 


i  DISCUSSIOX— NOTES   ON   GOB-FIEES. 

of  engines  of  which  so  many  engineers  had  charge.  Mining-engineers  had 
not  the  time  to  devote  to  taking  indicator-diagrams,  but  h\  the  Ripper 
indicator,  they  could  see  what  work  was  produced  at  any  moment. 

Mr.  G.  Blake  Walker  moved  that  a  vote  of  thanks  be  given  to 
Prof.  Ripper  for  his  interesting  paper. 

Mr.  H.  B.  Xash,  in  secondmg  the  motion,  said  he  had  no  doubt  that 
mining-engineers  would  gladly  adopt  the  instrument. 


DISCUSSIUX     OX    W.   H.   CHAMBERS'     "NOTES    OX     GOB- 
FIRES."  * 

Mr.  H.  E.  Gregory  (Cortonwood  Colliery)  remarked  that  so  far  as 
the  Barnsley  bed  in  South  Yorkshire  was  concerned,  it  would  be  worked 
at  considerable  depths  in  the  future,  leading  to  enhanced  difficulties  of 
working,  one  of  which  would  be  increased  liability  to  gob-fires.     The 
President  had  referred  to  the  fires  at  Tawd  Yale  colliery,  Skelmersdale, 
in  1870  to  1873,  which  was   at  that   time   in  his   charge.      The  fire 
was  treated  very  differently  from   the   fires  which  the  President  had 
described.      The  fires  occurred    in  the  Great   Skelmersdale  Seven-feet 
coal-seam,   underlain    by  a  bed   of   fire-clay  or  spavin,  10  to  15  feet 
thick,  and  the  roof  consisted  of  a  dark  gray  freestone  50  to '60  feet 
thick,  and  of   such  a  nature  that  it  was  most  difficult  to  get  a  fall. 
The  seam  had  an   upper  coal  from  3  to  4  feet  thick,  and  below,  but  not 
separated  by  a  parting,  was  a  coal  of  better  quality  and  4|  feet  thick; 
there    was    next   a    thin   bed    of    fire-clay,   and  the  bottom   coal    was 
2  to  3  feet   thick.     The  seam  was   liable   to   spontaneous  combustion, 
and  the  amount  of  pyrites  in  it  was  so  great  that  in  some  cases   the 
pick  would  not  touch  it.      The  coal  was  of  a  most  inflammable  nature; 
if  300  tons  were  laid  down,  it  had  to  he  taken  up  (quickly  or  it  would 
take  fire.     The  fire,  as  he  found  it,  was  enclosed  in  an  area  of  30  to 
40  Cheshire   acres.      The  seam  was  worked  on  the  post  system,  and  ' 
the   origin   of   the    fire  was   unknown.      The  previous   manager  drove 
a  road,  so  as  to  approach  the  fire  and  quench  it  with  water  ;  but,  as 
soon  as  the  fire  was  reached,  it  spread  very  rapidly,  and  the  workmen 
were  driven  out   of   the  pit,  which  was  then  closed.      After  he  took 
charge  of  the  colliery,  various  attempts  were  made  to  extinguish  the  fire 
by  filling  it  out,  and  owing  to  the  dry  nature  of  the  seam,  the  fire  spread 
most  rapidly.     After  he  had  been  a  short  time  at  the  colliery,  he  formed 
the  opinion  that  the  only  way  to  keep  the  fire  within  bounds  was  to 

*   Tran^.  Inst.,  M.E.,  vol.  xviii.,  page  154. 
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build  a  wall  and  prevent  access  of  air.  A  road  was  driven,  and  on  the 
side  next  to  the  fire,  a  brick  wall,  9  inches  thick,  was  erected  as  a 
temporary  shield  until  a  stone  wall  could  be  built.  There  was  a  strong 
rock  in  the  workings  and  in  the  goaf,  which  was  worked  like  a  quarry, 
and  the  stone  used  in  building  the  wall.  The  wall  was  built  solid  with 
rock  laid  in  mortar,  and  from  7  to  9  feet  thick.  In  front  of  the  rock 
wall,  a  brick  wall  was  built  from  floor  to  roof,  and  made  absolutely 
tight.  The  brick  wall  kept  the  air  off  the  inuer  wall  and  the  fire.  The 
work  of  enclosing  the  fire  was  successfully  carried  out,  and  without  loss 
of  life.  The  walls  kept  the  fire  under  control,  and  they  had  no  further 
trouble  with  it.  Some  lives  were  lost  at  a  fire  caused  by  the  ignition  of 
timber  in  an  intake  air- way.  It  was  supposed  that  a  boy  had  entered  .an 
engine-house  made  of  wood,  and  by  some  means  set  it  on  fire,  which 
spread  to  the  timbering.  The  workmen,  when  they  came  out-bye,  found 
the  timbering  on  fire,  and  '^ame  to  the  conclusion  that  the  enclosed 
fire  had  broken  out  again,  and  4  men  lost  their  lives.  Another  fire 
started  in  another  district  of  the  pit,  but  it  was  enclosed  before  it  got 
beyond  control,  and  he  never  had  any  difficulty  with  it.  He  had  had  to 
deal  with  other  fires,  which  he  had  dealt  with  in  the  manner  described 
by  the  President,  but  each  fire  required  the  adoption  of  the  most 
suitable  plan  for  its  extinction. 

^Ir.  M.  H.  Habershon  said  that  in  South  Staffordshire  fires  had 
originated  at  places  where  timber  had  been  built  into  the  pack-walls.  If 
that  was  found  to  be  the  experience  of  other  districts,  it  would  be  desirable 
to  discontinue  the  custom  of  building  timber  into  pack-walls  at  the 
corners  of  cross-gate  roads  and  other  places  in  longwall  workings. 

Mr.  Thos.  Stubbs  (Rotherham  Main  CoUiery)  said  that  he  had  had 
experience  of  gob-fires  in  Leicestershii-e.  At  his  first  gob-fire  he  was 
told  that  the  best  plan  was  to  fill  out  the  fire,  and  he  stood  with  the 
workmen  until  some  of  them  were  overcome  by  the  fumes.  Eventually 
they  had  to  abandon  the  removal  system,  and  both  the  return  and  the 
intake  airways  were  closed  for  a  time,  and  afterwards  re-opened.  The 
coal-seam  being  wrought  was  G  feet  thick,  with  a  roof  of  fire-clay  from 
3  to  4  feet  thick.  As  time  went  on,  the  main  gate-roads  and  cross- 
gate  roads  were  driven  at  intervals  of  300  feet,  the  fire-clay  was  taken 
down,  and  all  the  original  roads  buried,  and  by  this  system  the  whole 
of  the  goaf  \tas  hermetically  sealed,  and  there  was  no  further  trouble. 
He  found  that  the  best  system  was  to  seal  off  the  goaf  by  burying  the 
original  gateways  practically  on  a  level  with  the  tops  of  the  pack-walls, 
and  after  this  was  achieved  no  more  fires  occurred. 


6  BiSCUSSION — NOTES    ON  GOB-FIRES. 

The  Presided  (Mr.  W.  H.  Chambers)  replying  to  the  discussion, 
said  he  was  glad  that  his  paper  had  elicited  from  Mr.  Gregory  a  very 
interesting  account  of  the  fire  at  Tawd  Vale  collieries.  He  was  by  no 
means  an  advocate  of  tackling  fires  in  all  circumstances  in  the  same  way 
as  those  dealt  with  in  his  paper.  Other  fires  of  which  he  had  had 
experience  had  been  dealt  with  in  different  ways.  In  the  case  of  a  fire 
in  1868,  at  Tinsley  Park  colliery  (of  which  he  had  early  experience),  it 
was  impossible  to  approach  the  seat  of  the  fire.  The  shafts  were 
partially  filled  up,  water  was  poured  on  the  debris,  and  the  shafts  were 
closed  for  two  years.  When  the  colliery  was  re-opened,  the  district 
containing  the  fire  was  sealed  by  walling,  and  new  workings  were  opened 
out  in  the  virgin  coal.  Recently,  the  old  workings  had  been  examined 
after  many  years,  and  the  fire  was  found  to  be  extinguished.  He  had 
seen  gob-fires  in  the  Leicestershire  and  "Warwickshire  districts  effectually 
extinguished  by  the  system  known  as  "  wax  walling"  :— a  pack- wall  was 
built  and  covered  with  clay,  a  workman  went  round  constantly  with  a 
bucket  of  water  to  keep  it  damp,  in  that  way  all  access  of  air  was 
excluded,  and  the  fire  died  out.  There  was  a  difference  in  the  nature  of 
the  coals  which  altered  the  methods  of  extinguishing  fires  ;  thus  one 
coal  if  put  in  a  fire-grate  would  burn  to  the  last  cinder,  while  another 
coal  required  constant  stirring  to  keep  it  burning. 

He  might  add  that  wherever  timber  was  left  in  pack-walls,  it  allowed 
the  air  to  percolate  through  the  open  space,  and  a  fire  was  certain  to 
ensue.  Timber  packs  used  to  be  built  at  the  corners  of  the  gateways,  but  it 
was  found  that  they  broke  the  roof,  which  stood  better  without  them. 
He  found  that  where  a  gateway  had  been  abandoned  and  timber  packs 
were  left,  that  there  was  not  sufficient  ventilation  to  carry  off  the 
generated  heat,  and  although  the  goaf  might  be  an  old  one,  a  fire  always 
ensued  where  timber  had  been  left.  No  timber  was  now  left  behind  in 
longwall  workings  where  it  could  possibly  be  removed  ;  the  face  of 
the  workings  was  taken  as  long  and  in  as  straight  a  line  as  possible,  the  ^. 
whole  of  the  coal  was  removed,  the  goaf  fell  solid  behind  the  timber,  and 
that  was  the  most  effectual  way  of  obviating  underground  fires.  There 
could  be  no  heat  in  a  goaf  from  which  the  air  was  absolutely  excluded. 
He  approved  of  the  system  described  by  Mr.  Stubbs  in  which  the 
ripping  was  taken  down  and  the  pack-walls  were  completely  buried 
within  100  feet  of  the  coal-face. 

The  further  discussion  was  adjourned. 
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MIDLAND    INSTITUTE    OF    MINING,    CIVIL    AND 
MECHANICAL    ENGINEERS. 


GENERAL   MEETING, 
Held  at  the  Queen's  Hotel,  Leeds,  Apkil  2Sth,  1900. 

Me.     W.     H.     chambers,    Presidest,     in     the     Chair. 


The    minutes   of   the   previous    General    Meeting   were    read    and 
confirmed. 


The    following    gentleman    was    elected,    having    been     previously 
nominated : — 

Member — 
Mr.  "William  PiIPPEE,  Professor  of  Engineering,  Cnivevsity  College,  Sheffield. 


Prof.  John  Goodman  delivered  the  following  address  on  "  Economy 

in  Steam-eu2'ine  Practice  "  : — 
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ECONOMY  IX  STEAM-ENGINE  PRACTICE. 


By  Prof.  JOHN  GOODMAN.* 


The  subject  of  steam-engine  economy  is  one  of  great  importance. 
Fortunately  the  great  points  to  be  looked  at  in  producing  economy  are, 
as  a  rule,  very  simple  :  but  they  are,  nevertheless,  frequently  overlooked, 
with  the  result  that  in  many  instances  engines  are  found  to  be  actually 
using  five  or  six  times  as  much  steim  as  a  perfect  engine  would  use. 
Yet,  on  the  other  hand,  engines  can  be  and  are  made  which  only  use 
about  10  per  cent,  more  steam  than  the  perfect  engine  working  under 
the  same  conditions  :  thus  there  is  a  vast  difference  between  the  best 
and  the  worst  steam-engine.  It  is  rather  humiliating  to  find  that  many 
engines,  now  in  use,  give  far  worse  results  as  regards  economy  than  the 
old  Watt  engine,  simply  because  the  great  principles  that  Watt  laid 
down  are  so  often  ignored. 

What  then  must  we  avoid  and  what  must  we  aim  at  in  order  to 
secure  economy  ?  First,  one-  must  get  clear  ideas  as  to  the  physical 
properties  of  steam,  and  one  must  constantly  bear  in  mind  the  fact  that 
steam  is  an  unstable  vapour  and  not  a  i^erfect  gas  such  as  air.  Steam 
and  compressed  air  when  used  in  an  engine  behave  in  totally  different 
ways.  However  cold  or  hot  the  cylinder  may  be  when  using  compressed 
air,  there  will  be  no  "  missing  quantity  "  of  air  ;  but  there  may  be  an 
enormous  loss  or  "  missing  quantity "  of  steam  if  it  be  brought  into 
contact  with  a  cold  cylinder — or,  in  other  words,  much  of  the  steam 
may  be  "  initially  condensed." 

It  is  important  to  find  out  exactly  what  occurs  in  a  steam-engine^ 
cylinder.  At  the  instant  when  the  steam  is  admitted  the  temperature 
may  be,  say,  350°  Fahr.  and  in  a  fraction  of  a  second  afterwards  it  may 
be  exhausting  into  the  condenser  where  the  temperature  is  perhaps  as 
low  as  ]rj(r  Fahr.  ;  or  there  is  a  range  of  temperature  of  200^  Fahr. 
What  has  happened  to  that  incoming  steam  ?  There  are  many  ways  of 
proving  that  a  large  proportion  of  the  steam  is  condensed  as  soon  as  it 
enters  the  cylinder,  or  is  initially  condensed.  One  of  the  most  convinc- 
ing  ways   of   demonstrating   initial   condensation   is   to   have   a   glass 

*  Revistd  by  the  author  from  the  shorthand  notes  of  the  reporter. 
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cylinder  (known  as  a  "  Donkin  revealer")  fitted  to  the  cylinder  of  a 
working  steam-engine.  The  members  would  be  much  surprised  if  they 
had  not  seen  the  action  which  went  on  in  such  a  glass  cyhnder.  When 
the  engine  is  running  tolerably  slowly,  the  glass  cylinder  is  simply 
flooded  with  water  when  the  steam  enters  ;  then  during  expansion  it 
begins  to  boil  off,  known  as  "  re-evaporation,"  and  during  the  period  of 
exhaust,  it  disappears  and  leaves  the  glass  cylinder  absolutely  dry. 
But  if  some  means  be  taken  to  heat  the  glass  cylinder  gradually,  one 
sees  that  as  the  temperature  of  the  glass  becomes  hotter,  the  flooding  of 
the  cylinder  gradually  becomes  less,  until  at  last  it  entirely  disappears, 
and  there  is  not  a  trace  of  condensation  taking  place  in  the  cylinder. 

There  are  tolerably  accurate  means  of  measuring  the  amount  of  water 
present,  or  the  amount  of  ste-im  initially  condensed  in  the  cylinder.  It 
is  no  unusual  thing  to  get  30  per  cent,  of  the  steam  that  enters  the 
cylinder  condensed  in  this  way  ;  but  in  the  best  engines  working  under 
favourable  conditions  it  can  be  reduced  to  almost  zero, 

A  more  careful  examination  of  the  action  going  on  in  the  cylinder 
shows  that  during  the  admission  process,  when  the  incoming  steam  is 
hotter  than  the  cylinder  walls,  the  steam  imparts  some  of  its  heat  to 
the  colder  walls  and  gradually  raises  them  to  its  own  temperature  ;  then, 
as  expansion  proceeds,  the  temperature  of  the  steam  falls  below  that  of 
the  walls,  and  a  reverse  action  is  set  up.  The  walls  now  return  some  of 
the  heat  borrowed  during  the  admission  period  and  cause  re  evaporation 
to  go  on  ;  then,  as  soon  as  the  exhaust-valve  opens,  the  temperature  of 
the  steam  falls  far  below  that  of  the  walls  and  every  drop  of  the  water 
formed  by  the  initial  condensation  is  now  boiled  off — all  the  steam  that 
is  initially  condensed  is  re-evaporated  before  leaving  the  cylinder,  other- 
wise the  cyKnder  would  receive  more  heat  at  each  stroke  than  it  gives 
out,  which  is,  of  course,  impossible  since  the  mean  temperature  of  the 
cylinder  does  not  vary  after  the  engine  gets  steadily  to  work  The 
steam  leaving  the  cylinder  is  usuaUy  wet,  but  that  is  due  to  the  ste'am 
being  initially  wet  when  it  leaves  the  steam  pipe,  to  radiation  and  con- 
duction-losses, and  also  to  work  being  done  by  the  steam  in  the  cylinder. 

The  initial  condensation  and  the  re-evaporation  going  on  in  the 
cylinder  constitute  a  borrowing-and-paying-back  process — just  the  very 
thing  that  one  does  not  want.  At  the  beginning  of  the  stroke,  when 
one  could  make  the  best  use  of  the  steam,  a  large  amount  of  it  is  thrown 
away.  A  little  of  it  is  returned  during  expansion,  but  when  exhaust 
occurs,  and  just  when  one  wants  to  get  rid  of  the  steam  as  rapidly  as 
possible,  the  re-evaporated  steam  appeare,  producing  a  back  pressure,  so 
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that  this  condensation  of  the  steam  in  the  cylinder  and  the  boiling  of  it 
off  again  is  a  loss.  The  more  one  can  prevent  this  action  the  more 
efficient  will  engines  become. 

Another  important  point  which  experiment  shows  is  that  the  volume 
of  steam  initially  condensed  in  a  cylinder  is,  roughly  speaking,  constant, 
whatever  the  cut-off  may  be.  Suppose  that  a  cylinder  held  1  cubic  foot 
of  steam,  and  steam  was  supplied  during  the  whole  stroke,  and  say  under 
these  conditions  that  O'l  cubic  foot  was  initially  condensed  by  the  cold 
cylinder-walls  or  about  9  per  cent,  of  all  the  steam  admitted.  Now  if 
steam  be  cut-off  at  0'5  stroke,  one  would  still  have,  roughly,  0*1  cubic 
foot  initially  condensed,  but  now  it  amounts  to  about  17  per  cent,  of  the 
steam  admitted.  Suppose,  further,  that  steam  be  cut-off  at  0*1  stroke, 
one  would  still  have,  roughly,  O'l  cubic  foot  initially  condensed,  and  O'l 
utilized  or  5(»  per  cent,  of  the  whole  quantity  is  initially  condensed. 
Thus  the  earlier  one  cuts  off  the  steam,  or  in  other  words  the  greater  the 
number  of  times  that  one  expands  the  steam  in  any  cylinder  the  greater 
is  the  loss  due  to  initial  condensation. 

Many  text-books  on  the  steam-engine  contain  diagrams  and  figures 
to  show  that  the  more  one  expands  the  steam  in  a  cylinder  the  greater 
will  be  the  economy,  which  is  utterly  false  teaching.  If  it  were  not  for 
initial  condensation  and  other  losses.,  such  a  conclusion  would  be  true,  but 
initial  condensation  is  one  of  the  most  important  points  for  which  we 
have  to  look  in  a  steam-engine.  Engineers  are  told  that  theory  and 
practice  do  not  agree,  but  as  a  matter  of  fact  theory  and  practice  do 
agree  marvellously  well  in  steam-engine  work. 

In  the  following  table  of  results  of  tests  on  a  large  steam-engine  he 

Results  of  Experiments  on  a  Large  Steam-engine  Working  under 
Various  Conditions. 


Ratio  of 
Expansion. 

Non-Condensing. 

Condensing. 

No  Steam-jacket. 

Steam-jacketted. 

No  Steam-jacket. 

steam-jacketted- 

Initial 
condensa- 
tion. 

steam 
used  per 
Indicated 

Horse- 
power per 

Hoiur. 

Initial 
condensa- 
tion. 

steam 
used  per 
Indicated 

Horse- 
power per 

Hour. 

Initial 

condeuja- 

tiou. 

Per  cent 
10 

steam 
used  per 
Indicated 

Horse- 
power per 
Hour. 

f 

Initial 
condensa- 
tion. 

steam 
used  per 
Indicated 
Horse- 
power per 
Hour. 

1-00 

Per  cent. 
8 

Pounds. 

47 

Per  cent. 
3 

Pounds. 

47 

Pounds. 
36 

Per  cent. 
5 

Pounds. 
35 

1-30 

10 

38 

4 

37 

10 

29 

6 

28 

1-88 

13 

28 

4 

26 

12 

24 

7 

24 

2-65 

16 

26 

5 

24 

13 

20 

8 

20 

3-35 

20 

26 

6 

23 

15 

19 

11 

19 

4-00 

23 

27 

8 

23 

20 

19 

14 

18 

4-53 

25 

28 

10 

23 

25 

19 

16 

17 

5-50 

30 

31 

11 

23 

30 

-   20 

20 

17 

6 -.30 

35 

34 

11 

24 

35 

21 

20 

17 

ECONOMY   IN"   STEAil-ENGINE   PEACTICE.  11 

ventures  to  think  that  there  is  more  information  of  real  value  than  in 
volumes  of  books  which  do  not  deal  with  this  important  question  from  a 
practical  standpoint.  The  table  records  the  result  of  tests  on  a  large 
steam-engine,  tested  under  varying  conditions,  both  when  condensing  and 
non-condensing,  with  and  without  steam-jackets,  under  many  ranges  of 
expansion. 

The  points  that  should  be  specially  noticed  are  that — 

(1)  The  initial  condensation  increases  rapidly  as  the  range  of  expansion 
increases  :  by  a  simple  calculation  it  can  be  shown  that  the  volume  of 
steam  initially  condensed  is  approximately  constant  at  all  ranges  of 
expansion. 

(2)  The  initial  condensation  is  materially  reduced  by  the  use  of 
steam-jackets  ;  and  the  reduction  due  to  the  steam-jacketting  is  much 
greater  with  the  high  ranges  of  expansion  than  with  the  low. 

(3)  The  steam-consumption  decreases  as  the  range  of  expansion  is 
increased  up  to  a  certain  point,  and  then  it  increases  again  ;  the  most 
economical  range  of  expansion  is  greater  with  a  steam-jacketted  than 
with  a  non-jacketted  engine,  and  is  greater  with  a  condensing  than  with 
a  non-condensing  engine. 

(4)  With  low  ranges  of  expansion,  in  which  the  initial  condensation 
is  small,  the  steam-jacket  is  of  but  little  use,  but  its  efficiency  increases 
as  the  range  of  expansion  increases. 

From  this  table  one  sees  that  it  is  not  desirable  to  expand  steam 
more  than  from  3  to  5  times  in  one  cylinder,  the  most  economical  ratio 
depending  entirely  on  the  conditions  of  working.  In  Lancashire,  it  is 
a  common  practice  to  design  steam-engines  to  expand  the  steam  in  such 
a  manner  that  the  mean  effective  pressure  shall  be  about  25  pounds  per 
square  inch,  there  being  a  popular  notion  that  this  is  the  most  economical 
method  of  working.  Nevertheless,  it  is  a  fallacy,  and  actual  tests  show 
that  2.5  pounds  per  square  inch  is  far  too  low  in  most  cases.  The  object 
of  jacketting  is  to  keep  the  cylinder  hot  and  to  prevent  initial  condensa- 
tion ;  but  if  under  any  conditions  there  is  but  little  initial  condensation, 
what  is  the  good  of  the  jacket  ?  The  steam-jacket  cannot  do  any  good 
except  preventing  initial  condensation  :  hence  one  would  expect  the 
jacket  to  show  the  best  results  when  the  initial  condensation  is  greatest 
and  to  show  the  worst  results  when  the  initial  condensation  is  least, 
which  is  exactly  what  one  finds  from  the  table.  When  steam  is  cut  off 
at  the  end  of  the  stroke  the  steam-jacket  is  of  no  use,  and  may  be  a 
source  of  loss,  because  it  increases  the  radiating  surface  of  the  cylinder. 
Marine  engineers  often  condemn  the  steam-jacket,  they  usually  cut-off 
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steam  late  in  the  stroke,  because  they  hare  to  reduce  the  weight  of  the 
machinery  as  much  as  possible.  With  so  late  a  cut-oflF  as  0"75  stroke, 
the  saving  due  to  a  steam-jacket  would  probably  not  be  more  than  2  or 
3  per  cent.,  which  would  certainly  not  justify  the  extra  cost.  Engineers 
who  say  that  the  steam-jacket  is  of  no  value,  and  those  who  say  that  the 
jacket  saves  20  per  cent,  of  the  coal-bill,  may  both  be  right.  The  one 
has  had  experience  with  engines  having  a  late  cut-off,  and  the  other  with 
engines  having  an  early  cut-off.  Engineers  may  safely  state  that,  as  a 
general  rule,  if  the  steam  be  cut  off  later  than  0"5  stroke,  a  steam-jacket 
should  not  be  used,  while  if  the  steam  be  cut  off  earlier  than  0*5  stroke 
it  will  pay  to  use  a  jacket. 

Sometimes  a  jacket  is  used  where  it  ought  to  pay,  but  it  does  not 
actually  do  so,  because  it  is  allowed  to  get  full  of  water,  and  hence 
becomes  a  condenser  instead  of  a  steam-jacket.  If  one  uses  a  steam- 
jacket,  it  is  of  the  highest  importance  to  have  it  thoroughly  drained 
and  thoroughly  well  trapped.  There  are  one  or  two  traps  on  the  market 
which  are  more  or  less  satisfactory,  but  in  his  opinion,  a  receiver  should 
be  used  to  collect  the  water  ;  it  should  be  fitted  with  a  glass  water-gauge 
and  blow-off  cock,  which  can  be  adjusted  so  as  to  allow  the  water  to 
drain  away  as  fast  as  it  enters  the  receiver. 

Some  years  ago,  a  well-known  firm  placed  the  cylinder  of  a  portable 
engine  in  the  smoke-box,  with  the  object  of  preventing  initial  condensa- 
tion. It  was  a  success  for  a  time,  but  in  a  few  days  the  effect  died 
away,  due  to  a  deposit  of  soot.  If  the  cylinder  had  been  kept  clean  on 
the  outside  from  soot  (by  means  of  a  scraper)  it  would  without  doubt 
have  effected  a  great  amount  of  saving  ;  but  there  was  also  the  practical 
difficulty  that  it  was  troublesome  to  get  at  the  cylinder  for  repairs. 

A  firm  of  engineers  in  Switzerland  send  many  large  engines  into  this 
country,  and  some  British  engineers  allege  that  they  are  lower  priced, 
but  that  is  not  the  case,  for  they  are  considerably  higher  in  price.  In 
many  instances,  this  firm  had  tendered  for  engines  and  had  got  much, 
better  prices  than  British  makers,  because  they  guaranteed  a  lower  con- 
sumption of  steam  than  any  British  engineer  would  guarantee.  This  is 
because  the  Swiss  firm  study  every  minute  detail,  and  spend  much  time 
and  thought  over  every  point  which  helps  to  increase  the  efficiency.  In 
this  country,  these  matters  are  often  regarded  with  indifference,  and 
frequently  are  spoken  of  as  "  theoretical  humbug,"  but  they  have  turned 
the  scale  in  favour  of  the  Continental  engine.  However,  there  is  more 
than  one  firm  in  Great  Britain  who  realizes  the  importance  of  close  study 
of  the  theory  of  the  steam-engine,  and  has  already  achieved  great  things. 
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Another  important  point  is  Avorthy  of  attention.  Sometimes  one  sees 
hot  water  and  steam-radiators  for  heating  buildings  fitted  with  external 
gills  or  fian!^es,  in  order  to  increase  the  radiating-surface  ;  and  it  is  well 
known  that  they  radiate  the  heat  more  rapidly  than  a  perfectly  smooth 
pipe.  In  the  radiator,  one  wants  to  radiate  heat,  and  in  the  steam- 
cylinder  one  does  not  want  to  radiate  heat.  Hence  to  get  the  least 
amount  of  conduction  and  initial  condensation  one  must  have  plain  flat 
pistons  and  covers,  not  even  allowing  a  nut  to  project  on  the  piston,  in 
order  to  reduce  the  surface  to  a  minimum.  The  piston  and  interior  of 
the  cylinder-cover  should  be  polished  :  some  engineers  even  nickel-plate 
the  surfaces  in  contact  with  the  steam  in  order  to  reduce  condensation. 
Others  polish  the  outside  of  the  cylinder-covers,  but  from  an  economical 
point  of  view,  it  far  more  important  to  polish  the  inside.  These  are 
little  points,  but  they  add  materially  to  the  economy  of  the  steam-eno-ine. 

Another  way  to  obtain  economy  by  which  the  initial  condensation 
loss  can  be  entirely  got  over  is  by  superheating  the  steam.  One  may 
roughly  estimate  the  saving  by  superheating  as  20  per  cent,  for  every 
100°  Fahr.  of  superheat. 

One  cannot  dismiss  the  question  of  combatting  initial  condensation 
of  steam  without  referring  to  the  most  important  of  all  the  developments 
in  the  steam-engine,  namely,  that  of  expanding  the  steam  in  two  or 
more  stages,  as  in  the  compound  engine.  A  full  treatment  of  the  com- 
pound engine  would  occupy  too  much  time,  but  a  glance  at  the  main 
reasons  why  a  compound  engine  is  more  economical  than  a  simple 
engine  which  expands  the  steam  the  same  number  of  times,  cannot  be 
other  than  instructive.  It  must  be  well  within  the  memory  of  most 
engineers  that  text-books  and  engineering-journals  used  to  scoff  at  the 
idea  of  a  compound  engine  being  more  economical  than  a  simple  engine 
working  under  the  same  conditions  ;  and  this  curious  blunder  arose  from 
the  fact  that  steam  was  regarded  by  them  as  a  perfect  gas  instead  of  a 
very  unstable  vapour.  Suppose  one  has  a  simple  engine  in  which 'the 
steam  is  expanded  say  16  times  in  one  cylinder,  one  will  then  probably 
get  about  50  per  cent,  of  initial  condensation  ;  but  if  it  be  expanded  in 
two  stages,  or  cylinders,  the  same  total  number  of  times,  that  is 
expanded  say  4  times  in  each  cylinder,  the  initial  condensation  would  be 
reduced  to  about  20  per  cent,  in  each  cylinder.  But  20  per  cent,  in  each 
cylinder  is  not  40  per  cent,  in  all,  as  the  steam  condensed  by  the  walls 
in  the  first  cylinder  is  all  boiled  off  during  the  exhaust  into  the  second 
cylinder,  and  all  the  steam  that  enters  the  first  cylinder  as  steam  leaves 
as  steam — except  for  minor  losses,  etc.,  which  need  not  be  considered. 
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Consequently,  although  20  per  cent,  is  condensed  in  each  cylinder,  it  is 
only  20  per  cent,  in  all  the  cylinders  against  50  per  cent,  in  the  simple 
engine.  There  are  other  reasons  why  the  compound  engine  is  more 
economical  than  the  simple  engine,  but  the  one  just  mentioned  is  the 
most  important. 

There  is  yet  another  way  of  preventing  initial  condensation,  namely, 
by  using  a  type  of  steam-engine  in  which  there  is  practically  no 
variation  in  the  pressure  and  temperature  of  the  steam  which  comes 
into  contact  with  any  one  part  of  the  motor.  In  the  steam-turbine,  the 
steam  plays  on  a  series  of  small  blades  for  an  exceedingly  short  space  of 
time  and  then  escapes  to  the  exhaust  or  to  a  second  series  of  blades  ;  and 
each  series  of  blades  is  thus  kept  at  approximately  the  same  temperature, 
and  consequently  no  cooling  or  initial  condensation  of  the  steam  occurs. 
There  are  other  losses  in  the  steam-turbine,  but  the  results  obtained 
are  wondrously  economical.  The  steam-turbine,  working  with  super- 
heated steam  and  condensing,  is  more  economical  than  any  high-speed 
engine.  Many  engineers  seem  to  think  that  the  steam-turbine  is  but  a 
toy  ;  but,  as  a  matter  of  fact,  such  turbines  are  very  economical  and  cost 
little  for  repairs.  He  knew  of  steam-turbines  which  have  been  at  work 
for  eight  or  nine  years  driving  a  mill,  and  the  proprietors  speak  in  the 
highest  terms  of  them  for  economy  of  maintenance  and  steam- 
consumption. 

It  is  astounding  that  engineers  will  erect  high- class  engines  and 
boilers  so  as  to  secure  economy,  and  then  cover  the  steam-pipes  with 
cheap  material,  little  better  than  dung,  instead  of  having  the  pipes 
thoroughly  well-clothed.  Tests  show  that  for  every  100  feet  of  steam- 
pipe  8  inches  in  diameter,  badly  covered,  the  consumption  of  coal  is  about 
20  tons  per  annum  higher  than  when  the  pipe  is  covered  in  the  best 
possible  manner. 

Steam-pipes  are  usually  too  large  :  in  one  case  a  pump  was  erected 
about  1,500  feet  distant  from  the  boiler,  at  the  bottom  of  a  well.  The 
steam-pipe  was  -i  inches  in  diameter,  but  the  pump  would  not  work 
satisfactorily.  It  was  decided,  after  careful  consideration,  to  take  out 
the  4  inches  pipe  and  substitute  one  2i  inches  in  diameter,  and  the  pump 
afterwards  worked  perfectly.  He  did  not  say  that  all  steam-pipes  are 
too  big,  but  there  is  a  distinct  tendency  to  make  them  too  big.  "Within 
reasonable  limits,  the  smaller  the  steam-pipe  the  better,  because  the 
surface  for  condensation  and  radiation  is  less,  the  velocity  of  the  steam  is 
greater,  and  it  has  less  time  to  condense.  Consequently,  the  steam  is 
delivered  to  the  engine  in  a  very  much  drier  state  than  when  it  has 
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passed  through  a  bigger  pipe.  It  might  be  urged  that  there  is  a  serious 
loss  of  pressure  by  using  a  small  steam-pipe,  but  with  a  tolerably  small 
pipe,  and  a  well-clothed  receiver  placed  near  the  engine,  there  will  be 
very  little  loss  of  pressure,  as  there  will  be  a  steady  flow  of  steam 
through  the  small  steam-pipe  during  the  whole  time  instead  of  a  rush 
just  during  the  admission-process.  It  is  better  in  every  way  to  have  a 
small-drop  in  steam-pressure  than  to  get  very  wet  steam  at  the  engine. 
It  is  an  easy  matter  to  calculate  the  most  suitable  diameter  of  a  steam- 
pipe,  but  no  simple  general  rule  can  be  laid  down. 

The  friction-losses  of  steam-engines  are  often  much  greater  than  they 
ought  to  be :  many  engines  only  give  75  per  cent,  of  mechanical 
efficiency,  and  25  per  cent,  of  their  whole  power  is  wasted  in  friction,  but 
he  knew  of  cases  in  which  the  loss  is  far  greater  ;  and  on  the  other  hand  he 
had  made  tests  of  an  engine  in  which  the  friction-losses  only  amounted 
to  7  per  cent.  The  bearings  in  that  case  were  fitted  with  white  metal, 
because  the  friction  of  white  metal  is  lower  than  that  of  gun-metal  or 
bronze.  Lubrication  should  be  attended  to  more  carefully  than  is  the 
rule.  Ring  lubrication  is  excellent,  and  so  also  is  pad  lubrication,  as  the 
pad  removes  grit  and  gives  good  results.  In  many  high-speed  engines 
the  oil  is  supplied  by  a  force-pump. 

Other  essential  details  include  the  balancing  of  slide-valves,  keeping 
cylinder-clearances  small,  reducing  the  back-pressure  to  a  minimum,  and 
paying  great  attention  to  the  bearings  of  an  engine. 

There  is  no  need  for  purchasers  of  steam-engines  to  go  abroad  for 
thoroughly  good  workmanship  and  high  economy,  for  more  than  one 
British  firm  could  supply  engines  that  would  give  results  within  a  fraction 
of  a  pound  of  steam  as  good  as  any  that  are  made  elsewhere. 


The  President  proposed  a  vote  of  thanks  to  Prof.  Goodman  for  the 
lucid  way  in  which  he  had  placed  this  subject  before  the  members.    , 

The  motion  was  cordially  approved. 


Mr.  (x.   B.  Stones  read  the  following  paper  on  "  Hydraulic  Cage- 
loading  and  Unloading  Apparatus  at  Cadeby  Colliery  "  :— 
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HYDRAULIC  CAGE-LOADING  AND  UNLOADING  APPARATUS 
AT  CADEBY  COLLIERY. 


By  G.  B.  stones. 


The  output  at  Cadeby  colliery  is  about  1,800  tons  a  day,  and  it  is  antici- 
pated that  this  quantity  will  be  increased  to  5,000  tons  a  day  (drawn  up 
two  shafts)  when  the  colliery  is  fully  developed.  The  drawing- cages, 
constructed  of  steel,  have  four  decks,  each  carrying  two  corves  containing 
an  average  of  10  cwts.  each.  The  decks  are  loaded  and  unloaded 
simultaneously,  the  top  deck  by  manual  labour  and  the  others  by  hydraulic 
machinery  designed  by  Mr.  "W.  H.  Chambers. 

Surface  Arrangements. — Figs.  1  and  2  (Plate  XXIY.)  shew  a  side 
elevation  and  end  view  of  the  apparatus  employed  aboveground.  Two 
similar  cages,  A  and  B,  having  decks  corresponding  with  those  of  the 
drawing-cage,  are  placed  opposite  each  other,  and  \^ith  sufficient  space 
between  them  to  admit  the  drawing-cage.  The  duplicate  cages  on 
the  full  side  of  the  shaft  are  each  supported  by  three  vertical  rams,  C,  C 
and  D.  The  water -pressure  is  maintained  in  the  outer  rams,  C  and  C, 
while  the  contents  of  the  central  ram,  D,  are  exhausted  into  an  open 
cistern  supplying  water  to  the  pumps.  By  this  arrangement  there  are 
three  rams,  C,  C  and  D,  employed  in  raising  the  cage  and  load. 

When  it  is  desired  to  lower  the  cage,  the  opening  of  the  exhaust-valve 
of  the  central  ram,  D,  so  reduces  the  lifting-power  that  the  weight  of  the 
cage  overcomes  the  resistance  of  the  outer  rams,  C  and  C,  and  the  speed 
of  descent  is  regulated  by  the  extent  of  the  opening  of  the  exh  lust-valve 
of  the  central  ram,  D.  The  central  rams,  D,  on  the  full  side  of  the  shaft 
are  65  inches  in  diameter,  and  the  outer  rams,  C  and  C,  are  3|  inches  in 
diameter.  When  the  main  valve  is  opened,  the  rams  are  subjected  to  a 
total  pressure  of  about  i;),910  pounds,  the  water  being  supplied  at  a 
pressure  of  400  pounds  per  square  inch. 

The  central  rams,  E,  supporting  the  cages  on  the  empty  side  of  the 
shaft,  are  each  4  inches  in  diameter.  They  are  always  connected  with 
the  pressure  main,  and  are  used  for  the  s^ame  purpose  as  the  rams,  C  and 
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C,  on  the  full  side  of  the  shaft.  The  outer  rams  are  similar  in  con- 
struction to  those  on  the  full  side. 

Opposite  to  one  end  of  the  cage,  A,  employed  for  the  reception  of  the 
empty  corves,  are  three  horizontal  pushing-rams,  F,  F  and  F,  attached  to 
a  vertical  travelling-beam,  G,  fitted  with  grooved  pulleys,  H  and  H,  at 
each  extremity,  and  carried  on  the  rails.  I  and  I.  This  vertical  beam  is 
strengthened  by  the  struts,  K  and  K,  which  are  connected  at  one  end  to 
a  shaft  carrying  the  pulleys,  L,  which  run  in  the  grooves,  M  and  M. 
Between  the  struts  and  attached  at  one  extremity  is  a  connecting-rod,  X, 
which  is  coupled  to  an  arm,  0,  supported  at  its  lower  end  by  a  rocking- 
shaft  and  connected  near  the  centre  to  a  ram,  P,  4  inches  in  diameter, 
sUding  in  an  oscillating  case,  Q,  and  held  in  position  by  the  pedestal,  B- 
Attached  to  the  rocking-shaft,  supporting  the  arm,  0,  is  a  lever,  S,  to 
which  a  weight,  T,  is  suspended  from  one  end  by  a  chain.  This  weight 
is  used  for  withdrawing  the  pushing-rams,  F,  F  and  F,  after  the  drawing- 
cage  has  been  loaded. 

The  motive  power  for  this  machinery  is  obtained  *rom  an  hydraulic 
accumulator,  charged  by  a  steam-engine,  with  two  cylinders,  16  inches  in 
diameter  and  18  inches  stroke. 

The  mode  of  unloading  and  loading  is  as  follows :  —When  the 
drawing-cage  has  reached  the  surface,  the  banksman  releases  the  catches, 
"W  and  Y,  and  the  man  in  charge  of  the  hydraulic  machinery  opens  the 
valve  connected  with  the  ram,  P,  by  means  of  the  pipe,  Z.  By  his  so 
doing,  the  pushing  rams,  F,  F  and  F,  propel  the  empty  corves  into  the 
drawing-cage,  and,  by  their  impact,  at  the  same  time  cause  the  full 
corves  to  run  into  the  cage,  B.  The  time  occupied  in  unloading  and 
loading  the  winding-cage  is  about  5  seconds.  Whilst  the  drawing-cage, 
containing  the  empty  corves,  is  descending  the  shaft,  the  cages,  A  and  B, 
are  raised  simultaneously,  the  cage,  B,  to  be  unloaded  of  its  full  corves, 
and  the  cage,  A,  to  be  loaded  with  empty  corves  ready  for  the  next 
arrival  of  the  drawing-cage. 

UndergrounJ  Arnrngemmts. — The  motive  power  for  the  underground 
machinery  is  obtained  by  conveying  water  down  the  shaft  through  a  pipe, 
2  inches  in  diameter,  the  shaft  being  2,250  feet  deep  ;  a  total  pressure  of 
about  3,053  pounds  on  the  rams  is  obtained  from  a  water-pressure  of 
972  pounds  per  square  inch,  which  is  sufficient  to  impel  the  machinery 
without  the  aid  of  a  steam-engine  and  an  accumulator. 

Fig.  3  (Plate  XXV.)  is  a  side  elevation  of  the  underground  apparatus, 
and  although  the  duplicate  cages,  A  and  B,  are  of  similar  construction  to 
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those  in  use  on  the  surface,  a  different  means  of  raising  and  lowering 
them  is  aiopted.  The  cage,  A,  used  for  the  purpose  of  loading  the  full 
corves,  is  raised  (when  empty)  by  the  balance-weights,  C,  which  slide  on 
four  guides,  D,  D  and  D,  and  they  are  attached  to  the  pulley,  E,  by  a 
fiat  wire-rope,  F,  passing  over  the  pulley,  G.  The  cage.  A,  is  attached  to 
two  pulleys,  H,  by  wire-ropes,  |  inch  in  diameter.  When  loaded  with  full 
corves,  the  cage,  A,  descends  by  gravitation  and  the  speed  is  controlled 
by  a  double  brake,  J,  and  the  lever,  K,  the  latter  being  connected  to 
the  former  by  the  rod,  L. 

The  cage,  B,  used  for  the  reception  of  the  empty  corves,  is  raised  by 
two  parallel  rods,  i\I,  attached  to  a  lever-beam,  JST,  and  supported  by  two 
steel  girders  (12  inches),  0  and  0.  The  lever-beam  is  moved  by  a  ram, 
P,  5  inches  in  diameter,  sliding  in  an  oscillating  case,  Q,  attached  to  the 
beam  at  a  distance  of  about  5  feet  from  its  fulcrum.  The  top  of  the 
ram,  above  referred  to.  is  held  in  position  by  two  parallel  girders,  E,  10 
inches  deep,  the  latter  being  supported  by  vertical  arms,  S  and  S,  and 
the  struts,  T,  which  are  fixed  at  their  lower  extremities  to  the  girders,  0 
and  0.  A  portion  of  the  lever-beam  is  formed  into  a  box,  U,  containing 
weights,  used  for  the  purpose  of  assisting  the  ram  to  raise  the  cage. 
When  the  exhausL-valve  of  the  ram,  P,  is  opened,  the  cage,  B,  descends 
by  its  own  weight. 

The  machinery  employed  for  loading  and  unloading  the  drawing-cage 
is  identical  with  that  in  use  on  the  surface,  with  the  exception  that  the 
weights,  W,  are  placed  on  the  arm,  Y,  instead  of  being  hung  from  it  by 
a  chain. 

Assuming  that  the  drawing-cage  is  loaded  and  ascending  the  shaft, 
the  cages,  A  and  B,  are  raised,  the  former  by  releasing  the  brake,  I,  and 
the  latter  by  opening  the  valve,  and  allowing  the  water  to  flow  through 
the  pipe,  Z,  which  is  connected  with  the  ram,  P.  The  cage.  A,  is 
allowed  to  ascend  until  the  bottom  deck  is  level  with  the  floor,  the  brrke, 
I,  is  then  applied,  and  two  full  corves  are  run  on  to  the  bottom  deck  of  .^ 
the  cage,  the  brake  is  then  released,  and  the  remaining  decks  are  loaded 
in  the  same  manner.  The  cage,  B,  is  raised  by  applying  the  pressure  to 
the  ram,  P,  and  the  decks  are  successively  unloaded. 

The  writer  is  informed  that  a  modification  is  contemplated  in  regard 
to  the  underground  machinery.  The  water  discharged  from  the  rams 
into  the  shaft-sump  entails  pumping,  and,  to  obviate  this,  the  brake  and 
balance-weight  arrangement  on  the  full-side  cages  will  be  replaced  by 
hydraulic  rams,  exhausting  into  a  water-tank,  fixed  some  distance  up  the 
shaft.     It  is  calculated  that  the  descent  of  the  duplicate  cages  will  then 
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be  better  controlled,  and  sufficient  water-pressure  stored  to  supply  all 
demands  without  waste. 

In  conclusion,  the  writer  having  seen  nearly  all  the  systems  of  loading 
and  banking  in  operation  in  this  country,  ventures  to  submit  that  there  are 
advantages  in  favour  of  the  system  here  described  which  are  unapproach- 
able by  any  other  : — (1)  Economy.  Manual  labour  is  minimized  by  the 
employment  of  machinery  :  the  empty  and  full  corves  being  manipulated 
with  constant  regularity  and  smoothness,  and  without  undue  bustle  during 
the  time  occupied  in  the  journey  of  the  drawing-cage,  consequently  fewer 
workmen  are  required  for  dealing  with  the  output.  (2)  Saving  of 
time.  The  whole  of  the  decks  of  the  cages  are  simultaneously  and 
quickly  charged  immediately  a  "  wind  "  is  made.  (3 j  Less  wear-and- 
tear  of  winding-engines,  ropes  and  tackle.  The  drawing-cage  is  always 
brought  to  one  position  on  the  keps,  and  it  remains  there  until  prepared 
for  the  next  journey.  (4)  There  is  no  limit  to  the  number  of  decks  that 
can  be  loaded,  and,  consequently,  the  winding-shafts  need  only  have  an 
area  sufficient  to  provide  adequate  ventilation.  (5)  Efficiency.  The 
machinery  is  simply  constructed  and  not  liable  to  get  out  of  order. 
(6)  Safety.  The  whole  of  the  apparatus  is  under  the  direct  control  of 
one  man,  who,  by  means  of  levers  convenient  to  his  hand,  manipulates 
everything,  except  the  actual  loading  and  unloading  of  the  duplicate 
cages,  and  this  work  is  under  his  close  supervision.  He  is  also  able  to 
see  that  the  catches  on  the  drawing-cage  are  in  order,  and  everything 
secure  for  the  next  journey  before  it  is  "  rapped  "  away. 


Mr.  W.  E.  Gabforth  asked  whether  the  apparatus  could  be  used  at 
■  the  bottom  of  a  shaft  which  happened  to  be  in  faulted  ground  or  on  a 
lifting  floor. 

The  President  (Mr.  W.  H.  Chambers)  replied  that  the  whole  of  the 
machinery  was  fixed  on  framing  independent  of  the  brickwork  and  of  the 
shaft,  so  that  nothing  could  be  disturbed  by  any  movement  of  the  strata. 
At  one  time  the  ram,  which  propelled  the  lever-beam  at  the  pit-bottom, 
was  fixed  to  a  casting  attached  to  the  pit-arching  ;  but  it  was  replaced 
by  the  girder-arrangement. 

Mr.  "W.  E.  Garforth  said  that  at  a  certain  colliery,  an  arch, 
18  feet  high,  in  a  few  years  was  lowered  by  the  weight  of  the 
superincumbent  strata  to  8  feet.     They  were  troubled  at  a   depth   of 
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2,820  feet  at  Xew  ^loss  colliery  with  the  avchino-,  they  inserted  timber 
between  the  layers  of  brickwork,  and  in  that  way  probably  added  2  or  3 
years  extra  life  to  the  arching.  He  was  now  in  favour  of  side-walls  and 
steel  girders  for  a  pit-bottom. 

The  PitESiDENT  (^^r.  W.  H.  Chambers)  replied  that  the  arching  at 
Cadeby  colliery  did  not  extend  more  than  30  or  40  feet  in  each  direction 
from  the  shaft-bottom.  The  greater  portion  of  the  shaft-bottom  was 
filled  with  machinery,  and  the  waUing  of  the  shaft  did  not  rest  on  the 
arching.  There  had  been  considerable  trouble  with  the  arching,  some 
had  been  removed,  although  it  was  5  feet  thick  and  faced  with  limestone, 
but  it  was  pushed  in  2  feet  by  side-pressure,  and  it  broke  at  the  crown. 
Another  arch  was  erected  of  a  horseshoe  shape,  and  the  top  fell  in  from 
side-pressure.  Excavations  had  been  made  behind  the  side-walls  to 
relieve  the  side-pressure,  and  the  space  had  been  filled  up  loosely  with 
waste  prop-ends— something  which  would  yield  to  the  pressure  and  yet 
support  the  walling  in  its  arched  shape. 

The  hydraulic  arrangement  for  simultaneously  loading  and  unloading 
all  the  decks  of  the  cages  was  invented  by  Mr.  George  Fowler,  who  erected 
the  first  apparatus  at  Hucknall  Torkard  collieries.  Mr  Fowler  di  signed 
the  machinery  erected  at  Denaby  Main  colliery  about  20  years  ago.  They 
had  had  a  great  deal  of  experience  with  caging  machinery  ;  they  had 
improved  it  considerably,  and  the  Cadeby  collieries  plant  was  very 
different  from  the  plant  originally  erecttd  at  Denaby  Main  colliery. 

The  apparatus  could  be  advantageously  employed  at  deep  pits  ;  they 
only  required  the  shaft  to  be  sunk  a  little  deeper  in  order  tc  allow  for  the 
extra  decks  of  the  cages  going  below  the  floor -level ;  and  they  avoided  the 
sinking  of  a  shaft  of  large  diameter  with  a  big  pit-bottom,  to  give  room 
for  drawing  the  tubs  side  by  side.  In  this  case  they  carried  out  what 
was  contemplated  when  the  shaft  was  sunk,  and  though  the  shafts  were 
intended  to  wind  a  large  output,  they  were  only  16  feet  in  diameter. 

Mr.  H.  B.  Nash  said  that  the  wear-and-tear  of  ropes  and  engines, 
when  the  decks  were  changed,  was  no  doubt  the  gTeatest  strain  put  upon 
the  machinery  in  winding.  The  members  were  obliged  to  Mr.  Stones  for 
bringing  the  details  of  the  apparatus  before  them,  and  he  moved  a  vote 
of  thanks  to  him  for  his  paper. 

The  motion  was  cordially  approved. 
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DISCUSSION     OF     MR.     TT.     H.     CHAMBERS'     "NOTES     ON 

GOB-FIRES."* 

Mr.  C.  J.  ^MuRTOX  (Barrow  Collieries)  said  that,  about  ten  years  ago, 
a  very  serious  gob-fire  broke  out  in  the  Xo.  4  south  district  of  the  Parkgate 
coal-seam,  over  a  very  extensive  area.  It  took  a  long  time  to  eflTectually 
build  stoppings  all  round  the  affected  area,  but  the  fire  was  eventually 
restrained  until  about  a  year  ago,  when  in  the  return-airway,  a  strong 
smell  of  gob-stink  was  recognized  at  Xo.  2  stopping.  It  was 
found  that  the  loose  sand  -  and  -  clay  stoppings,  which  had  been 
erected  in  the  goaf,  had  dried,  and  allowed  air  to  pass  throuffh  the 
crevices.  Immediately,  a  large  body  of  workmen  were  employed  in 
building  a  line  of  walling  along  the  intake-airway,  and  repairing  stoppings 
where  it  was  thought  any  air,  however  little,  might  pass  through.  At 
Xo.  2  stopping,  a  very  strong  brick  wall,  cut  into  the  sides,  was  built 
with  cement,  and  backed  with  sand.  Two  additional  brick  walls  were 
also  built,  well-packed  between  with  sand  tightly  rammed  to  tbe  roof. 
This  waU  had  proved  an  effective  barrier,  and  had  restricted  the  area  of 
the  fire,  which  had  not  troubled  them  since  its  erection. 

The  President  (Mr.  "W.  H.  Chambers)  said  that  they  were  fortunate 
in  having  solid  coal  at  Barrow  coUieries,  in  which  the  stopping  was  erected. 
They  had  adopted  the  course  which  he  had  advocated,  the  coal  not  being 
fissured  so  as  admit  air.  If  they  could  exclude  the  air  effectually  no  more 
danger  was  Hkely  to  accrue,  so  long  as  they  did  not  disturb  the  barrier  of 
coal  or  the  brickwork.  His  own  experience  showed  that  even  when  a 
little  air  had  been  admitted  combustion  had  been  resumed. 
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Mr.  "W.  E.  Garfohth  said  that  some  months  ago  it  was  arranged 
that  experiments  should  be  made  at  the  "West  Riding  collieries  to  ascertain 
how  far  men  could  penetrate  into  noxious  gases.  He  now  wished  to 
explain  that  in  order  to  make  the  arrangements  of  a  practical  character, 
he  intended  to  use  a  gallery,  about  100  feet  long,  sufficiently  high  to 
allow  for  a  fall  of  roof,  so  that  the  explorers  might  have  to  ascend  8  or 
10  feet,  and  then  descend,  like  passing  over  a  fall  in  a  mine.  Nothing, 
however,  further  could  be  done  in  the  matter  until  the  arching  was 
completed. 

*  Tram.  In^t.  M.E.,   1899,  vol.  xviii.,  pages  154,  404  and  461. 
t  nnd.,  1899,  vol.  x\-iii.,  page  74. 
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The  President  said  that  the  members  were  looking  forward  to  the- 
experiments  with  interest,  and  were  glad  that  Mr.  Garforth  had  got  the 
arrangements  into  so  forward  a  state. 


DISCUSSION   OF   MR.   R.   HARLE'S  PAPER  ON   AN  "AUTO- 
MATIC SPRAYER  FOR  PREVENTING  ACCUMULATIONS 
OF  DUST  IN  MINES."* 
The  President  (Mr.  W.  H.  Chambers)  said  that  he  had  a  deep,  hot, 
and  dusty  mine  fitted  with  sprinklers,  which  sprayed  the  water,  but  it 
made  a  muddy  mess  on  the  roads  for  a  length  of  100  or  120  feet,  and 
beyond  that  distance  it  had  no  effect.     The  spray  was  like  a  Scotch  mist, 
but  it  seemed  to  fall  upon  the  floor,  and  did  not  damp  the  sides  and  the 
roof  ;   and  actually  where  the  road  was  muddy  at  the  bottom  there  was 
dry  dust  on  the  sides  and  roof. 

Mr.  C.  J.  MuRTON  stated  that  the  most  effective  way  of  damping 
dust  was  to  empty  water-tubs  at  the  top  of  an  incline  and  allow  it  to  run 
down,  and  its  effect  lasted  a  long  time. 

Mr.  W.  E.  Garforth  said  that  when  giving  evidence  before  the 
Royal  Commission  on  Accidents  in  Mines  he  suggested  that  the  most 
effective  means  of  preventing  dust -ignition  was  to  substitute  dirt-dust 
for  coal-dust.  If  the  roads  could  be  covered  with  incombustible  dirt 
it  would  be  the  most  effective  means  of  preventing  the  extension  of  an 
explosion. 

Mr.  J.  R.  RoBixsox  Wilson  thought  that  there  was  some  misconcep- 
tion regarding  the  scope  of  Mr.  Harle's  paper.  Dust  was  made  at  two 
places — in  the  tubs  and  at  the  top  of  the  shaft.  Mr.  Harle  suggested  the 
use  of  an  automatic  sprayer  playing  upon  the  tubs  as  they  left  the  flat  or 
pass-bye.  This  appeared  to  be  a  very  effective  method  ;  and  it  had 
been  tried  in  Yorkshire,  he  believed  with  success.  There  would 
be  little  or  no  dust  on  the  haulage-roads  if  they  prevented  it  coming 
outbye  with  the  tubs  ;  and  if  a  similar  arrangement  were  adopted  in  the 
shafts,  the  fine  dust  made  at  the  screens  would  be  caught  at  the  pit- 
bottom.  In  the  return-airways,  which  were  not  traversed  by  coal-tubs, 
there  could  not  be  any  dangerous  dust. 

Mr.  W.  E.  Garforth  said  that  the  fine,  or  what  he  might  call 
sunbeam   dust  would  still   be  carried   by  the   air-current.      At   many 

*   Trans.  Imt.  M.E.,  1899,  vol.  xviii.,  page  113. 
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explosions  it  had  been  proved  that  there  had  been  excess  of  coal-dust, 
or  not  sufficient  air  to  consume  all  the  dust ;  indeed,  roads  traversed 
by  an  explosion  were  like  sooty  chimneys.  He  thought  that  whilst  the 
spraying  apparatus  might  moisten  three-quarters  of  the  dust  the  other 
quarter  was  sufficient  to  propagate  the  flame. 

Mr.  J.  R.  Robinson  Wilson  said  that  he  did  not  know  how  to  water 
all  the  dust  on  every  road,  as  it  was  impracticable  to  water  the  bars, 
props,  sides,  and  various  cracks  in  an  ordinary  road.  The  only  way  to 
his  mind  was  to  prevent  the  dust  from  accumulating  on  the  roads. 

The  President  (Mr.  W.  H.  Chambers)  thought  that  the  best  system 
was  to  sweep  up  and  send  all  dust  out  of  the  pit. 

Mr.  E.  T.  Ingham  (Mirfield)  remarked  that  with  fast  haulage  the 
dust  was  greater  than  where  the  haulage  was  slow.  His  haulage  ran  at 
the  speed  of  2  miles  an  hour  and  he  had  little  dust,  although  the  seam 
was  dusty  and  fiery.  He  was  interested  in  a  deep  colliery  near  the  sea, 
and  he  thought  that  they  should  try  to  lay  the  dust  by  spraying  salt-water, 
which  would  be  carried  inbye  in  the  ventilating  current,  and  the  salt 
would  be  deposited  upon  everything  in  the  mine.  He  certainly  intended 
to  try  the  effect  of  his  idea,  and  he  hoped  to  be  able  to  inform  the 
members  of  the  result, 

Mr.  W.  E.  Garforth  said  that  he  could  show  Mr.  Ingham  stalactites 
1  foot  long,  and  the  roadway  below  was  always  free  from  dust. 

Mr.  E.  T.  Ingham  said  that  at  the  Ingham  pit  the  water  was  similar 
to  sea-water.  They  had  not  a  large  quantity,  but  it  was  used  in  water- 
ing the  haulage-roads.  Wherever  that  water  had  been  much  used  there 
was  no  dust.  He  thought  that  the  salt  became  mechanically  mixed  with 
the  coal-dust,  and  he  hoped  that  it  would  prevent  all  hability  to 
explosion. 
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MIDLAND  IXSTITUTE  OF  MIXIXG,  CIVIL  AXD 
MECHAXICAL  EXGIXEERS. 


GENERAL  MEEIIXG, 
Held   at   the   Bull   Hotel,    Wakefield,    May   2.5th,    1900. 


Mr.  W.   H.  chambers,  Presidest,  in"  the  Chair. 


The  miniites  of  the  previous  General  Meeting  were  read  and 
confirmed. 


The  following  gentleman  was  elected,  having  been  previously 
nominated  : — - 

Member 
Mr.  Thomas  Beach,  Mining  Engineer,  Hillfield,  Castleford. 


PROPOSED  ALTEEATIOX  OF  RULES. 

Mr.  J.  R.  RoBixsox  Wilsox  gave  notice  that  at  the  Annual 
General  Meeting  he  would  move  alterations  of  some  of  the  rules. 


Mr.  George  Farmer  read  the  following  paper  on  "  Mining 
Accidents  and  their  Prevention  "  :  — 
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MIXING  ACCIUEXTS  AND  THEIR  PREVENTION. 


By  GEORGE  FARMER. 


Tlie  deplorable  fact  that  over  900  persons  are  killed  eA'ery  year 
in  British  coal-mines  forcibly  attracts  attention  to  the  inquiry  as 
to  what  proportion  of  these  numerous  accidents  are  due  to  prevent- 
ible  causes,  and  how  far  a  part  of  them  are  inseparable  from  the 
nature  of  the  miner's  occupation.  A  careful  consideration  of  the 
particulars  of  each  fatal  accident,  as  given  in  the  reports  of  H.M. 
inspectors  of  mines,  leads  one  to  the  conclusion  that  the  per- 
centages of  fatalities  which  might  have  been  prevented  are  high, 
and  should  claim  attention.  When  a  disaster  of  unusual  mag- 
nitude occurs,  public  feeling  is  aroused,  and  inquiries  are  set  on 
foot ;  but  the  majority  of  the  accidents  are  little  noticed,  except 
in  the  locality,  and  consequently  the  main  difEcultj*  in  dealing 
with  accidents  rests  on  the  necessity  of  maintaining  a  constant 
and  unceasing  watchfulness  among  man 3'  thousands  of  men,  work- 
men as  well  as  managers. 

The  total  number  of  separate  fatal  accidents  in  all  the  collieries 
was  8G0  in  1899,  against  828  in  1898,  while  the  corresponding 
deaths  amounted  to  910  as  against  908  in  the  preceding  year,  and 
9-30  in  1897.  Grouping  the  accidents  under  their  respective  causes 
we  have  : — Fatal  accidents,  explosions  of  fire-damp  or  coal-dust, 
23 ;  falls  of  ground,  424 ;  in  shafts,  GT  ;  miscellaneous  accidents 
under-ground,  235 ;  on  the  surface,  114  ;  making  a  total  of  863. 
Deaths,  explosions  of  fire-damp  or  coal-dust,  54 ;  falls  of  ground, . 
433 ;  in  shafts,  (J9 ;  miscellaneous  under-ground,  240 ;  on  the 
surface,  114  ;  making  a  total  of  910.  Since  the  passing  of  the 
Coal-mines'  Inspection  Act  in  1850,  and  the  appointment  of 
inspectors  under  the  Home  Olfice,  a  considerable  amount  of 
valuable  information  has  been,  and  is,  afforded  in  their  published 
report*  By  this  means  we  are  taught  and  kept  up  to  date  in  the 
principles  and  details  of  practice ;  and  many  accidents  are  so  set 
before  us  that  a  study  of  their  descriptions  ought  year  by  yeai"  to. 
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diminish  their  occurrence.  It  is  sometimes  said  that  the  number 
of  accidents  or  fatalities  is  not  diminished ;  but  if  the  number  is 
not  diminished,  it  certainly  is  not  increased,  and  the  results  cannot 
but  be  considered  as  successful,  for  it  should  be  borne  in  mind 
that  the  quantity  of  coal  annually  extracted  has  been,  and  is, 
largely  on  the  increase,  and  a  greater  number  of  hands  are 
employed. 

Timbering. — If  we  review  the  more  prolific  sources  of  accidents, 
we  find  that  the  casualties  due  to  falls  of  roof  and  sides  are 
much  more  numerous  than  those  due  to  any  other  cause, 
constituting  something  like  47  per  cent,  of  the  total  deaths,  and 
are  by  far  the  most  difiicult  to  prevent,  as  their  occurrence  is  more 
often  due  to  a  want  of  care  and  exercise  of  practical  experience  on 
the  part  of  the  workmen  themselves  than  to  a  want  of  knowledge 
or  scientific  attainments  on  the  part  of  the  management.  The 
writer  once  heard  a  friend  of  his  ask  an  old  miner  what  he  thought 
was  the  cause  of  so  many  falls  of  roof.  "  Well,"  replied  the  miner, 
"  I  should  think  it's  taking  th'  coal  out."  Gruff  as  the  answer 
was,  there  was  an  immense  amount  of  truth  in  it ;  but  we  cannot 
draw  the  line  there,  we  must  convey  to  the  workmen  the  fact  that 
when  the  coal  is  taken  out  the  roof  and  sides  must  be  securely  sup- 
ported by  something  else — timber  and  packing.  It  is  not  directly 
to  the  work  of  such  institutions  as  this  one,  that  we  must  look  for 
the  prevention  of  this  class  of  accident,  but  rather  to  the  increased 
experience  and  personal  care  of  the  workmen  themselves.  It  is, 
however,  the  work  of  the  management  of  mines  to  see  that  the 
packing  and  timbering  is  efiicieutly  done,  and  this  can  only  be 
performed  by  employing  experienced  workmen,  and  training  and 
teaching  them  on  every  occasion  the  value  of  efficient  timbering. 
Mining  institutions,  however,  can  do  much  in  this  direction.  The 
writer  does  not  mean  to  say  that  the  management  should  employ 
special  timberers,  and  that  a  workman  should  be  relieved  from  the 
burden  of  protecting  himself,  and  rely  entirely  on  the  timberer. 
Every  workman  should  be  taught  to  watch  the  roof  and  to  set 
timber  to  protect  himself,  and,  as  many  roofs  are  liable  to  crack  and 
fall  at  any  time,  it  is  essential  that  the  workmen  should  be  trained 
in  this  direction.  The  question  arises  as  to  how  the  workmen 
should  be  trained.  An  old  saying  is  "  where  you  cannot  lead, 
you  must  drive  ;  "  it  is  so  in  this  case.   Some  men  are  stupid  enough 
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to' absolutely  refuse  to  be  led,  to  be  trained,  or  taught  in  any 
direction ;  they  must  be  driven  to  do  a  thing  by  legislation  before 
they  will  do  it  and  veiy  often  ti-y  to  escape  that.  'Others,  for  which 
we  must  give  them  credit,  devote  every  attention  to  the  efl&cient 
secxirity  of  their  working-place,  and  take  a  pride  in  the  safe  and 
economical  working  of  their  stall. 

At  one  large  colliery  in  South  Staffordshire,  which  is  well- 
known  to  the  writer,  the  manager  issued  regulations,  entirely 
independent  of  the  Special  Eules  in  force  in  the  district,  which 
he  caused  to  be  printed  and  a  copy  hung  at  the  passbye-end  of 
every  working-stall.     The  following  is  a  copy  :  — 

The  distances  for  props  to  be  apart  on  the  face  must  not  exceed  3  feet;  and 
each  prop  must  have  a  suitable  lid  on  it.  The  distance  between  the  props  for 
a  tram-road  must  not  exceed  5  feet,  and  a  prop  nuist  be  set  within  4  feet  6 
inches  of  the  buttock  of  coal. 

The  sprags  under  the  coal  must  not  exceed  5  feet  apart,  and  they  must  be 
well  set. 

The  stallmen  or  contractors  shall  see  that  the  timber  is  set  as  above,  and 
shall  see  that  the  workmen  employed  by  them  do  not  work  in  danger. 

The  stallmen  or  contractors  shall  examine  the  gate-end,  and  all  parts  of  the 
stall,  and  if  there  is  any  danger  the  men  must  not  be  allowed  to  work. 

The  chain-and-bar  must  be  used  in  drawing  timber.  Workmen  found  en- 
dangering their  lives  by  neglecting  to  use  the  chain-and-bar,  or  by  not  setting 
timber  to  secure  the  roof  and  sides  while  drawing  timber,  will  be  sent  out  of 
the  mine  at  once  and  summoned  before  the  magistrates. 

The  firemen  must  see  that  the  timber  is  set,  as  above,  and  examine  the  roof, 
coal,  gate-road  and  wastes  of  each  stall,  and  if  they  find  any  danger  they  shall 
stop  tlie  stall,  and  report  the  same  at  once  to  the  underground  manager.  The 
underground  manager  shall  go  and  examine  the  stall,  and  if  he  finds  it  in  a 
dangerous  state  for  want  of  the  timber  not  being  jjroperly  set,  the  stall  must 
be  stopped  until  the  danger  is  removed,  and  the  stallmen  shall  be  fined  not 
less  than  the  sum  of  2s.  6d.  for  each  offence. 

The  above  regulations,  modified  to  suit  the  conditions  of  the 
mine,  could  be  adopted  at  all  mines  at  a  very  little  cost,  and  would 
ensure  a  good  systematic  course  of  timbering,  which  would  in  no 
way  interfere  with  the  careful  and  thoughtful  workman,  and 
would  enforce  the  sluggard  to  do  his  duty.  Xo  matter  how  this 
class  of  work  is  accomplished,  it  should  be  directly  under  the 
control  and  supervision  of  competent  officials ;  and  the  working- 
places  should  be  concentrated  as  far  as  possible,  so  as  to  allow  of 
strict  supervision  over  any  district  by  the  official  in  charge. 

Colliery-managers  and  engineers  can  do  all  this,  and  may  with 
advantage  devote  a  portion  of  their  spare  time  to  imparting  to  the 
workmen,   lectures  upon   mining  subjects,   which,   if   illustrated 
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with  experiments  and  diagrams,  may  be  made  veiy  instructive  and 
attractive,  and  may  impress  upon  the  workmen  the  use  of  their 
occupation,  and  the  why  and  wherefore  of  what  they  are  compelled 
to  do. 

Explosions  of  Fire-damp  and  Coal-dust. — So  much  has  been 
said  of  late  concerning  this  source  of  fatality,  that  the  writer  can 
scarcely  hope  to  make  his  remarks  original  and  new.  Although 
the  death-rate,  year  by  5'ear,  from  this  source  has  very  materially 
decreased,  yet  it  cannot  be  said  to  have  given  ujd  its  existence. 
The  causes  which  have  led  to  this  decrease  are  no  doubt  better 
ventilation  of  the  mines  by  the  increased  volume  of  air  obtained  by 
mechanical  means,  in  preference  to  the  old  system  of  furnace- 
better  ventilation  of  the  working-faces,  due  to  the  more  perfect 
knowledge  of  the  theory  and  practice  of  ventilation  ;  and  finally 
the  more  general  use  of  safety-lamps  in  all  parts  of  the  mine.  The 
diminished  use  of  explosives  as  compared  with  their  former 
usage,  and  the  almost  entire  prohibition  of  gunpowder  in  mines 
that  are  liable  to  produce  gas  have  gone  far  towards  the  prevention 
of  explosions ;  while  the  importance  of  the  coal-dust  theory  has 
been  so  brought  before  us  that  we  cannot  but  see  its  value. 

Of  course,  every  coUieiy-manager  thinks  it  quite  improbable 
that  an  explosion  will  occur  at  any  colliery  under  his  charge,  but 
every  colliery-manager  should  be  prepared  for  the  unexpected. 
Prevention  is  always  better  than  cure,  and  is  much  cheaper  than 
a  doctor's  bill.  Perhaps  the  following  suggestions  may  be  use- 
ful:— 

(a)  Ventilation  :  render  harmless  all  issues  of  fire-damp  by  a 
constant  and  adequate  ventilation. 

(6)  Coal-dust :  remember  that  coal-dust  is  a  source  of  danger, 
inasmuch  as  it  extends  and  aggravates  an  explosion.  Many  sug- 
gestions have  been  made,  with  the  view  of  preventing  coal-duSl 
from  being  blown  off  the  tubs  or  carried  down  the  shaft  from  the 
surface-screens  by  the  downcast  current,  or  at  any  rate  reducing 
the  evil  by  means  of  thorough  watering  or  mixing  fine  dirt  with 
the  dust.  But  probably  the  best  means  of  avoiding  the  danger  of 
coal-dust  is  to  turn  it  into  value,  fill  it  up  and  send  it  to  the  surface  : 
giving  all  the  road-ways  a  thorough  cleaning  saj'  twice  or  three 
times  a  year.  Another  method  is  to  select  portions  of  each  main 
road,  each  such  portion  about  oOO  or  5UU  feet  long,  and,  by  brush- 
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ing  or  otkerwise,  keep  these  portions  always  scrupuloiisly  free  from 
dust.  One  man  vroiild  keep  two  or  three  suck  portions  clean 
after  the  first  cleaning.  It  is  not  probable  that  the  flame  of  an 
explosion,  in  the  absence  of  fire-damp,  would  travel  over  this 
length,  without  a  supply-  of  combustible  material,  such  as  coal- 
dust. 

(c)  Lighting :  exclude  all  naked  lights ;  and  take  proper 
means  of  ascertaining  that  all  safety-lamps  are  in  good  working 
order,  properly  constructed,  perfectly  clean,  and  securely  locked 
before  they  are  taken  into  the  mine. 

(d)  Blasting  :  take  proper  means  of  strictly  adhering  to  the 
Explosives  in  Coal-mines  Order. 

(e)  Competency :  employ  only  competent  men  on  all  work 
involving  risk  and  responsibility.  See  that  only  competent  men 
are  appointed  to  make  the  inspections  of  the  mine  as  required  by 
General  Rule  Xo.  4.  It  would  be  wise  to  appoint  all  men  to  res- 
ponsible positions  in  writing,  stating  in  the  authority  exactly  what 
is  required  of  them. 

(/")  Discipline  :  enforce  rigid  discipline  and  strict  compliance 
with  all  rules  and  regulations. 

Shaft  Accidents. — Considering  the  number  of  men  who  daily 
descend  and  ascend  our  shafts,  and  the  high  speed  at  which  we  are 
compelled  to  wind ;  the  fact  that,  last  year,  only  69  deaths  were 
recorded,  speaks  very  highly  for  the  careful  attention  which  has 
been  given  to  this  part  of  the  mining  machineiy.  Coming  very 
conspicuously  under  the  control  of  the  management  as  this  class 
of  accident  does,  the  skill  and  scientific  attainments  of  the  manage- 
ment should  be  highly  vakied,  and,  perhaps,  nothing  has  brought 
this  about  more  surely  than  the  opportunities  afforded  by  mining 
institutions.  Improved  machinerj'  and  improved  engineering 
have  done  much.  Careful  supervision  over  the  machinerj^ ,  fittings 
of  the  shaft  ropes,  detaching-hooks,  etc.,  can  do  a  great  deal  to- 
wards the  prevention  of  these  accidents. 

Miscellaneous  Accidents. — This  heading  covers  accidents  from 
many  causes,  haulage-accidents,  suffocation  by  gases  from  gob- 
fires,  explosions  not  due  to  gas  or  coal-dust,  etc.  With  regard  to 
explosions  not  due  to  gas  or  coal-dust,  but  which  may  be  occasioned 
from  blasting-material,  the  number  is  not  large,  and  for  the  most 
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part  implies  careless  handling  of  tiie  material.  To  carelessness 
and  disregard  of  the  rules  and  regulations  are  traceable  many  of 
the  casualties  reported  under  this  heading ;  and  probably  the  best 
prevention  for  them  is  care.  Mine-discipline  cannot  be  enforced 
too  much,  nor  can  carefulness  be  emphasized  too  often. 

Coal-mining  is  a  more  dangerous  calling  than  the  average,  but 
it  requii^es  only  a  glance  at  the  reports  of  H.M.  inspectors  of  mines 
to  convince  one  that  its  dangers  are  greatly  increased  by  the  dis- 
tressing lack  of  proper  co-operation  on  the  part  of  the  workmen 
with  the  efforts  of  the  emploj'ers  to  provide  for  the  safety  of 
life  and  limb.  Probably  in  nine  cases  out  of  ten,  the  provisions 
made  for  the  protection  of  the  men  while  at  work  are  sufficient 
for  any  known  contingency.  It  is  passing  strange  that  many  men 
seem  unable  to  realize  the  importance  of  obeying  the  regulations 
set  down  for  their  safety.  The  intention  of  all  mining  laws  is,  of 
course,  to  render  the  work  of  the  miner  as  safe  as  possible,  and  in 
order  to  maintain  the  necessary  discipline  every  transgressor 
should  have  meted  out  to  him  "  the  punishment  to  fit  the  crime." 
Through  a  mistaken  sympathy  for  the  workman  and  his  depend- 
ants, an  offence  may  be  allowed  to  go  without  other  rebuke  than 
a  verbal  one,  or  left  unnoticed.  This  is  wrong  :  the  bars  once  let 
down,  the  whole  fence  of  rules  becomes  valueless.  Managers  when 
besought  to  think  of  an  offender's  innocent  family,  should  not  fail 
to  think  of  the  equally  innocent  families  of  the  many  men  whose 
lives  were  put  in  danger  by  the  offence.  The  greatest  good  to  the 
greatest  number  is  a  principle  that  should  be  applied  in  all  such 
cases. 

In  summing  up,  the  writer  makes  bold  to  suggest  that  abso- 
lutely the  best  preventive  for  collieiy-accidents  is  technical 
education.  There  is  no  possible  reason  why  every  colliery-village 
should  not  have  its  mining  classes  ;  there  is  no  reason  why  technical 
education  should  not  be  taken  advantage  of  by  all  to  the  fullest 
extent,  and  this  would  enable  workmen  to  better  fulfil  their  duties 
in  and  about  mines.  The  great  aim  of  technical  education  is 
efficiency  and  safety,  and  efficiency  and  safety  depend  not  so 
much  on  the  managing  director  or  manager  as  on  the  actual 
workers  themselves.  It  is  not  enough  to  know  that  a  certain  lamp 
is  comparatively  safe,  and  that  another  lamp  is  not  safe ;    every 
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miner  ought  to  know  why  some  lamps  are  safe  and  others  not.  It 
is  not  enough  to  know  that  certain  accidents  occur  in  mines,  every 
miner  ought  to  know  what  the  causes  of  these  accidents  are. 
Technical  education  teaches  this.  It  teaches  a  man  the  use  of  his 
labour,  how  to  do  his  work  safely,  and  how  to  do  it  in  the  most 
economical  manner.  It  has  often  been  said  that  there  are  already 
more  managers  than  mines.  "What  is  the  harm  in  that?  The 
mine  would  be  no  less  safe  if  every  miner  in  it  held  a  first-class 
certificate  of  competency.  The  writer  is  fully  aware  that  many, 
sadly  too  many,  miners  think  they  know  more  than  other  men 
can  teach  them  if  they  know  how  to  swing  a  pick,  or  set  a  prop. 
The}'  ignore  or  ridicule  the  manager  if  he  invites  them  to  a  mining 
or  ambulance  class  :  but  they  heartily  sing  "  For  he's  a  jolly  good 
fellow,''  if  he  invites  them  to  drink  his  health.  Then  how  are  we 
to  instil  education  into  the  minds  of  such  men?  We  can  do  it. 
To  educate  his  workmen  should  be  a  colliery-manager's  aim  and 
pleasure.  He  should  not  stop  at  a  mining  class  once  a  week.  He 
can  reach  many  of  his  men  in  the  mine.  He  can  point  out 
deficiencies,  he  can  instruct  in  liis  orders,  he  can  explain  the  why 
and  wherefore  of  many  things  to  the  workmen,  and,  by  these 
simple  and  easy  means,  incite  such  a  thirst  for  knowledge  that  the 
workman  will  thank  him  by  seeking  it.  The  writer  does  not  mean 
to  suggest  that  lectures  should  be  given  in  the  mine.  The  mine 
is  a  place  for  work,  and  lectures  are  best  delivered  in  the  lecture- 
rooms. 

The  writer  cannot  let  this  opportunity  pass  without  a  word  on 
ambulance-work,  or  first  aid  to  the  injured.  Ambulance-work 
cannot  be  directly  called  a  preventive  of  accidents,  but  it  is 
certainly  useful ;  and  the  classes  should  be  attended  by  every  man 
in  the  mine,  whereby  he  may  learn  to  render  first  aid  so  as  to 
assuage  pain,  lessen  danger  from  injuries,  and  save  life.  Clashes 
should  be  held  every  year  in  every  mining  village,  and  the  work- 
men and  officials  should  be  specially  invited  to  attend  by  the 
manager  of  the  mine.  IN^o  collierj'-manager  should  be  satisfied 
until  he  had  at  least  one  competent  ambulance -man  in  each  stall. 
Trained  nurses,  in  the  colliery-villages,  might  do  great  service  in 
cases  of  serious  injuries,  and  might  be  the  means  of  saving  life. 

A  mining  engineer  has  two  great  objects.     The  first  is  to  work 
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his  mines  -vvitli  the  least  possible  loss  of  life  or  injiiiy  to  the  work- 
men employed  by  him.  The  second  is  to  produce  the  minerals 
he  is  working  at  the  least  possible  cost,  having  his  first  object, 
safety,  always  in  view.  In  seeking  these  two  objects  he  must,  in 
a  sense,  have  the  co-operation  of  his  workmen,  and  that  is  only 
gained  by  social  influence,  and,  by  means  of  instruction,  making 
his  workmen  not  mere  machines  but  thinking  hiinian  beings. 


;M!r.  T.  E.  EoBiNSON  "Wilson  said  that  he  had  great  pleasure  in 
moving  a  vote  of  thanks  to  the  writer  of  the  paper.  The  writer 
seemed  to  think  that  the  panacea  for  all  accidents  was  technical 
education.  He  would  hardly  like  to  accept  that  opinion,  but  he 
had  no  doubt  that  more  knowledge  on  the  part  of  the  workmen 
would  result  in  increased  safety.  It  was  desirable  that  colliery- 
managers  should  be  in  closer  touch  with  their  workmen  than  they 
were  now  :  colliery  officials  told  him,  however,  that  the  men  were 
more  difficult  to  approach  than  in  years  gone  by,  and  that  advances 
made  to  them  were  not  met  in  the  spirit  one  would  desire.  The 
men  certainly  were  often  to  blame,  but  he  was  convinced  that  with 
closer  supervision  many  accidents  might  be  prevented.  He 
thought  that  too  few  bars  were  used  in  the  working-places,  and 
experience  taught  him  that  many  accidents  could  be  avoided,  if 
more  attention  were  given  to  this  matter.  Several  collieries  were 
adopting  systematic  timbering  with  bars  across  the  working-face, 
and,  so  far,  with  excellent  results.  There  was  the  question  of 
cost;  but  bars  should  not  be  allowed  to  stand  until  they  were 
shattered  ;  they  should  be  taken  out  as  fast  as  the  working-face 
advanced.  If  bars  were  left,  in  the  gob,  the  cost  might  be  great ; 
but  the  cost  was  not  excessive  if  the  timber  was  removed  under 
adequate  supeiwision.  With  increased  supervision  also,  he 
thought,  probably,  that  better  pack-walls  would  be  built  along  the 
gate-roads ;  many  pack-walls  were  merely  a  sort  of  retaining 
wall,  and  they  only  prevented  the  rubbish  from  being  shoved 
upon  the  rails.  A  high  percentage  of  accidents  arose  from  falls 
of  roof  and  sides,  and  increased  supervision  would  veiy  largely 
tend  to  reduce  them. 

With  regard  to  explosions  of  fire-damp  and  coal-dust,  he 
believed  that  if  full  tubs  were  well  moistened  liy  a  water-sprayer, 
as  they  left  the  pass-bye,  dust  would  not  accumulate  upon  the 
engine-plane ;  and,  if  there  was  a  water-sprayer  in  the  shaft,  dust 
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could  not  pass  from  the  screens  down  the  pit.  If  a  colliery- 
manager  would  examine  the  pit-bottom,  he  would  see  the  fine  dust 
from  the  surface  settling  thickly  all  around,  and  b?ing  carried  for 
a  considerable  distance  in-bye. 

He  believed  that  some  colliery-managers  in  the  district  were 
holding  mining  classes  ;  he  knew  one  or  two  who  were  giving 
interesting  lectures  to  their  deputies,  and  so  trying  to  train  a 
better  class  of  officials.  A  manager  could  not  do  better  than 
persuade  his  workmen  to  attend  mining  lectures,  but  experience 
in  the  Barnsley  district  unfortunately  proved  that  workmen  would 
not  go  to  be  taught,  even  when  inducements  were  held  out  to  them, 
and  facilities  given  them  to  attend. 

Mr.  H.  St.  John  DrRXFORD,  in  seconding  the  vote  of  thanks, 
said  that  he  was  inclined  to  think  that  the  education  of  the  collier 
would  not  do  much  good.  County  councils  had  been  endeavouring 
for  many  years  to  induce  the  workmen  of  Yorkshire  to  attend 
lectures,  but  they  would  not  attend  and  the  monej-  spent  on  the 
classes  was  mostly  wasted  :  workmen  did  not  want  to  learn,  and 
would  not  learn.  It  was  questionable  whether  increased  safety 
could  be  obtained  by  increased  supervision.  It  seemed  to  him 
that  even  if  the  deputies  inspected  the  working-places  more 
frequently,  there  would  still  be  the  probability  of  accidents  occur- 
ring from  carelessness  on  the  part  of  the  workmen.  It  was 
probable  that  increased  supervision,  in  one  form  or  other,  would 
be  enforced  before  long  ;  and  he  only  hoped  that  the  results  would 
be  commensurate  with  the  trouble  and  expense.  The  best  means 
should  be  adopted  to  prevent  flying  dust  from  going  down  pits, 
it  would  be  much  better  deposited  as  mud,  or  swept  up  and  kept 
out  of  the  pit.  In  some  pits  there  was  abundant  muck-dust,  which 
might  not  be  so  dangerous  or  hannful  as  coal-dust,  but  still  it 
should  be  removed. 

The  President  (Mr.  W.  H.  Chambers)  remarked  that  workmen 
were  well  aware  of  the  amount  of  negligence  and  carelessness  dis- 
played by  those  working  along  with  them,  and  even  by  themselves. 
He  thought  that  the  views  of  workmen  were  instructive  and  would, 
perhaps,  enable  the  officials  who  were  responsible  for  the  direction 
of  the  operations  of  the  mine,  to  ameliorate  the  bad  conditions 
which  must  partly  prevail  in  mines  where  so  large  a  number 
of  workmen   were   engaged   with  comparatively  few   officials   to 
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watch  over  them.  An  official  in  a  mine  could  not  supervise  work- 
men in  the  numerous  narrow  passages,  roads  and  workings  in  the 
same  way  as  a  foreman  in  an  engineering-works  could.  A  deputy 
could  not  see  many  feet  in  front  of  him  by  the  light  of  a  safety- 
lamp.  Much  might  be  said  in  support  of  Mr.  Farmer's  conten- 
tion that  it  was  impossible  to  lessen  to  any  appreciable  degree  the 
accidents  which  were  happening  in  the  mines,  without  the 
co-operation  of  the  workmen.  Since  the  passing  of  the  Coal-mines 
Inspection  Act  in  1850,  and  its  amplification  and  modification 
from  time  to  time,  very  great  responsibility  had  been  thrown  upon 
colliery-officials.  He  did  not  believe  that  more  stringent  regula- 
tions and  rules  would  guide  colliery-officials  in  performing  their 
duties.  A  colliery-manager  would  not  employ  a  deputy,  unless 
he  was  assured  that  the  candidate  was  well  acquainted  with  the 
General  and  Special  Rules.  The  mining  institutes  had  helped  to 
enhance  the  safety  of  mines,  and  no  doubt,  as  time  went  on,  they 
would  add  to  the  valuable  work  that  they  had  already  performed. 

The  motion  was  cordially  approved. 


TEANSACTIONS.  37 


MIDLAND    INSTITUTE    OF    MINING,    CIVIL    AND 
MECHANICAL    ENGINEERS. 


ANNUAL  GENERAL  MEETING, 
Held  at  the  Royal  Victoria  Station  Hotel,  Sheffield, 

AtTtiust  4th,  1900. 


Mr.  W.  H.  chambers,  Retibing-Peesident.  in  the  Chair. 


The  minutes  of  the  previous  General  Meeting  were  read  and 
confirmed. 

THE  LATE  MR.  T.  ^y.  JEFFCOCK. 

The  Chairman  referred  to  the  sad  loss  which  the  members  had 
sustained  by  the  death  of  Mr.  Thomas  Jeifcock,  on  the  previous 
day.  He  moved  that  a  vote  of  condolence  and  an  expression  of 
sympathy  in  her  bereavement  be  sent  to  Mrs.  Jeifcock. 

Mr.  H.  St.  John  Durxford  seconded  the  motion,  which  was 
carried  by  every  member  rising  in  his  place. 

Messrs.  John  Nevin  and  E.  AV.  Thirkell  were  appointed 
scrutineers  of  the  balloting-papers  for  the  election  of  oflicers  for 
1900-1901,  and  of  the  balloting-papers  for  representatives  on  the 
Council  of  The  Institution  of  Mining  Engineers  for  1900-1901. 


The  following  gentlemen  were  elected,  having  been  previously 
nominated :  — 

Mesibebs — 
Mr.  John  Allen,   Battery  and  Assistant   Mechanical   Engineer,  273,  Bury 

New  Road,  Higher  Broughton,  Manchester. 
Mr.  John  D.  Bailie,  Electrical  Engineer,  IH,  Peacock's  Buildings,  Park  Row, 

Leeds. 
Mr.  Sam  Blackburn,  Colliery  Engineer.  Thornhill  Collieries,  Dewsbury. 
Mr.    Joseph    Fountain,    Jun.,    Colliery    Proprietor,    Haigh    Colliery     near 
Barasley. 
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Mr.  Thomas  Gill,  Colliery  Manager,  Stratl'onl  Collieries,  Barnsley. 

Mr.  Joseph  Ingleby,  Mechanical  Engineer,  20,  Mount  Street,  Manchester. 

Mr.  Stanley  Robert  K\y,  Mining  and  Civil  Engineer,  1,  Albion  Place, 
Leeds. 

Mr.  William  John  Fkei.erick  Payn  ,  Mine  Survej-or,  Ackton  Hall  Col- 
liery, Featherstone. 

Mr.  Charles  Snow,  Collier}-  Manager,  South  Kirkby  Colliery,  Wakefield. 

Mr.  Joseph  Sheard,  Colliery  Manager  Farnley  Iron  Company,  Leeds. 

Mr.  Alfred  West,  Mining  Engineer,  Ridings  Hall,  Birstal,  Leeds. 

Mr.  H.  Tylden- Wright,  Mining  Engineer,  Monckton  Main  Colliery, 
Barnsley. 

Associates— 
Mr.  Thomas  Henry  Dixon,      olliery  Under-manager,  Clifto  i  Hall  Colliery, 

Pendleburv,  Manchester. 
Mr.   Ernest  Marshall,   Colliery  Under-manager,   West   Riding    Collieries, 

Xormanton. 
Mr.  John  William  Shaw,  Colliery  Under-manager,  Monk  Bretton  Collier}-, 

Barnsley. 

Students  — 
Mr.  Josh.    Henry  Crossley,   Mining    Pupil,   Ingham    Pit,    Thornhill    Lees, 

Dewsbury. 
Mr.  Thomas  Nevin,  Mining  Student,  Belle  Grove,  Hopton,  Mirfield 


The    Annual   Report   of   the    Council    and   the    statement   of 
accounts  for  the  past  year  were  read  as  follows  :  — 

THE  COUNCIL'S  ANNUAL  REPOET. 

The  Council  have  pleasure  in  presenting  to  the  members  of 
the  Institute  their  report  on  the  work  of  the  past  year. 

The  number  of  members  for  the  past  two  years  is  as  follows  :  — 


1898-99. 

1899-19 >0 

Life  Members 

4 

3 

Honorary  Members 

11 

..       Nil. 

Members    ... 

1?26 

229 

Associate  Members 

7 

8 

Associates 

15 

15 

Students     ... 

11 

9 

Totals     ...         274  264 

The  number  of  members  is  practically  the  same  as  last  year, 
after  taking  into  account  the  honorary  members,  as  these  are  now 
all  honorary  members  of  The  Institution  of  Mining  Engineers  and 
receive  the  Transactions  of  that  federation. 

Of  the  £27,  arrears  of  subscriptions  for  1898-99,  £9  have  beeii 
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collected  during  the  past  year.  There  is,  however,  a  balance  of 
£18,  which  has  now  been  written  off  as  irrecoverable.  The  Council 
again  regret  to  have  to  state  that  there  lias  been  during  the  past 
year  some  irregularity  in  the  payment  of  subscriptions,  the  arrears 
now  amounting  to  £19  10s.  due  from  13  members. 

The  following  papers  have  been  read  during  the  past  year :  — 

"  Report  of  Committee  upon  Recovery-stations." 

"  Notes  on  Gob-fires."     By  Mr.  W.  H.  Chambers. 

"  Mining  Accidents  and  their  Prevention.'"     By  Mr.  George  Farmer. 

"  Economy  in  Steam-engine  Practice."     By  Prof.  Goodman. 

"  Description  of  Sinking  Two  Shafts  through  Heavily-watered  Strata  at 

Maypole  Colliery,    Abram,    near   Wigan,    for   the    Moss   Hall   Coal 

Company,  Limited.''     B}'  Mr.  James  Keen. 
'■  Underground  Surveys  and  their    Connexion  with   the   Surface   by  the 

Transit  Method."     By  Prof.  E.  H.  Liveing. 
"  A  Power-indicator  for  Steam-engines."     By  Prof.  W.  Ripper. 
"  Hj'draulic  Cage-loadmg  and  Unloading  Apparatus  at  Cadeby  Colliery." 

By  Mr.  G.  B.  Stones. 

The  September  meeting  of  The  Institution  of  Mining  Engineers 
was  held  in  Sheffield,  the  arrangements  being  made  by  this 
Institute  and  the  following  papers  were  contributed  :  — 

"  Instantaneous  Outbursts  of  Fire-damp  and  Coal,  Broad  Oak  Collier}-." 

By  Mr.  John  Gerrard. 
"Preliminary  Study  of  Recent  Borings  made  in  the  North  of  France  in 

search  of  the  Coal-basiii."     Bv   Prof.  J.  Gosselet. 
"  The  Rating  of  Coal-mines.  '     By  Mr.  Geo.  Humphreys-Davies. 
"  The  Devonian  Iron-ores  of  Asturias,  Spain."     By  Mr.  J.  A.  Jones. 
"  Mining  Districts  near  Kamloops  Lake,  British  Columbia."   By  Mr.  G.  F. 

Monckton. 
"Castleton:  History,  Geolog}",  Minerals  and  Mining."  By  Mr.  A.  H.  Stokes. 

Excursions  were  made  lo  the  Cadeby  Main  colliery;  Messrs. 
Hadfield  Steel  Foundry  Company,  Limited's  East  Hecla  AVorks ; 
Messrs.  William  Cook  and  Company  Limited's  Tinsley  Steel,  Iron 
and  Wire-rope  Works ;  Messrs.  -John  Brown  and  Company 
Limited's  Atlas  Steel  Works,  and  to  Castleton. 

The  Report  of  the  Committee  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  and  the  Midland  Institute  of 
Mining,  Civil  and  Mechanical  Engineers  on  Mechanical  Ventilators 
has  now  been  issued,  and  should  form  a  valuable  addition  to  the 
Transactions  of  the  Institution.  The  thanks  of  the  members  are 
due  to  Mr.  T;  W.  H.  Mitchell,  one  of  the  engineers  to  the  Com- 
mittee, for  the  efficient  manner  in  which  he  conducted  the  experi- 
ments. 
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Arrangements  are  being  made  at  the  West  Riding  collieries, 
Normanton,  through  the  kindness  of  Mr.  W.  E.  Garforth,  for  con- 
ducting experiments,  upon  as  practical  a  scale  as  possible,  for  the 
recovery  of  mines  after  explosions,  the  results  of  which  will 
be  communicated  to  the  members  in  due  course. 

The  Council  would  again  impress  upon  the  members  the  desira- 
bility of  obtaining  new  members,  and  also  of  contributing  papers, 
in  order  to  carry  on  successfully  the  work  of  the  Institute,  re- 
presenting as  it  does  one  of  the  most  important  coal-lields  in 
Great  Britain. 

There  is  a  balance  in  the  bank  of  £105  15s.  9d.  against 
£85  lis.  lid.  at  the  end  of  last  year. 

The  Council  have  had  under  consideration  the  desira))ility  of 
altering  the  rules  in  conformity  with  the  rules  of  The  Institution 
of  Mining  Engineers,  and  proposals  to  this  effect  will  be  submitted 
to  the  members  at  the  Annual  Meeting. 

The  question  of  the  correlation  of  the  Lancashire  and  York- 
shire coal-fields  has  now  been  referred  to  the  Manchester  Geological 
Society  as  the  committee  appointed  by  thiB  Institute  has  completed 
its  work  so  far  as  the  Yorkshire  sections  are  concerned. 


The  Chairman  (Mr.  W.  H.  Chambers),  in  moving  the  adoption 
of  the  report  and  accounts,  said  that  financially  the  Institute  was 
in  about  the  same  position  as  last  year,  although  there  was  a  little 
more  credit-balance  at  the  bank,  in  consequence  of  subscriptions 
being  paid  in  advance,  and  the  assets  were  practically  the  same. 

Mr.  M.  H.  Habeb,shon  seconded  the  motion,  which  was 
agreed  to. 


ELECTION    OF    OFFICERS    FOR    1900-1901. 

The    Scrutineers    reported    the    result    of    the    election    as 
follows :  — 

President  : 
Mr.  John  Gerrard. 

Vice-Presidents  : 

Mr.  H.  St.  John  Durnkord.  [  Mr.  J.  E.  Chambers. 

Mr.  Walter  Hargreaves. 


Mr.  L.  DoBiNSox. 
Mr.  C.  C.  Ellisox. 
Mr.  F.  W.  Hardwick. 
Mr.  J.  Knowles. 
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Council  : 

Mr.  J.  L.  Marshall. 

Mr.  H.  B.  Nash. 

Mr.  W.  M.  Reynolds. 

Mr.  J.  R.  Robinson  Wilson. 


Secretary  and  Treasurer 
Mr.  T.  w  .  H.  Mitchell. 


Mr.  C.  E.  Rhodes  said  that  it  needed  no  words  of  his  to 
emphasize  the  gratitude  of  the  members  for  Mr.  Chambers'  sei-vices. 
He  did  not  know  any  President  ^vho  had  had  a  wider  experience 
of  practical  mining  than  Mr.  Chambers,  and  none  had  reflected 
greater  credit  on  the  Institute  while  occupying  the  chair.  He 
had  pleasure  in  moving  a  vote  of  thanks  to  Mr.  Chambers. 

Mr.  John  Xevix,  in  seconding  the  motion,  said  that  Mr. 
Chambers  had  been  successful  in  keeping  up  the  interest  of  their 
proceedings  during  the  two  years  that  he  had  held  office,  and  the 
members  were  obliged  to  him  for  the  time  and  attention  which  he 
had  given  to  the  duties  of  his  post. 

The  motion  was  carried. 

Mr.  W.  H.  Chambers  thanked  the  members  for  the  great 
kindness  shown  him  during  his  term  of  ofhce  ;  it  had  been  a 
great  pleasure  to  him  to  occupy  that  chair,  and  an  honour  which 
he  had  fully  appreciated  ;  he  would  continue  to  take  an  interest 
in  the  Institute  after  he  had  vacated  the  chair,  and  would  be  glad 
to  do  anything  that  he  could  for  its  welfare  and  to  support  his 
successors  as  he  had  been  supported. 

REPRESEXTATIYES     OX      THE     COTXCIL     OE     THE 
IXSTITUTIOX   OF  MIXING  EXOIXEEKS,   19OO-1901. 

The    Scrutineers    reported    the    result    of    the    election    as 

follows :  — 


Mr.  W.  H.  Chambers. 

Mr.  H.  St.  John  Durnford. 

Mr.  VV.  E.  Garforth. 


Mr.  John  Gerrard. 
Mr,  John  Nevin. 
Mr.  F.  N.  Wardell. 


Mr.  Arthur  T.  Thomson's  paper  on  "  CTnderground  Electric 
Haulage  at  Manvers  Main  Collieries"  was  read  as  follows:  — 
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UXDERGEOUXD    ELECTRIC    HAULAGE   AT   MAXYER8 
MAIX  COLLIERIES. 

By  ARTHUR  T.  THOMSON. 


Tlie  writer  is  aware,  when  giving  tlie  following  short  descrip- 
tion of  the  electric  haulage-installation  at  Man  vers  Main  Xo.  1 
pit,  that  the  system  is  no  novelty;  but  he  is  hopeful  that  his 
paper  may  be  of  interest,  since  it  describes  an  application  of 
electric  haulage  as  an  auxiliary  to  the  existing  engine-plane 
haulage,  as  a  means  of  distributing  the  empty  corves  and  collecting 
the  full  ones  to  the  main  engine-plane  landings :  the  distance  to 
these  landings  from  the  pit-bottom  being  the  limit  at  which  the 
trains,  going  and  returning,  can  keep  the  shaft-cages  continuallj- 
working.  It  is  needless  to  point  out  that  the  electric  auxiliary 
haulage  replaces  a  large  number  of  ponies,  which  would  otherwise 
be  required  to  do  the  work. 

The  districts  served  by  the  electric-motors  are  shown  in  Figs.  1 
and  2  (Plate  II.)  and  are  known  as  the  sixth  and  seventh  south 
districts  respectively. 

In  the  sixth  south  district  (Fig.  1,  Plate  II.),  the  ropes  are 
at  present  working  on  the  main-and-tail  system  along  a  level-gate 
road,  A,  through  the  goaf,  to  a  landing  about  1,500  feet  in-bye. 
The  trains,  which  consist  of  about  50  corves,  canying  say  30  tons 
of  coal,  are  hauled  along  a  single  line  of  rails  between  the  landings, 
at  an  average  speed  of  5  miles  per  hour.  The  gradients  vaiy,  but 
are  generally  in  favour  of  the  full  train,  and  the  eifort  required 
for  the  work  is  40  horsepower  to  start  the  load,  about  25  horse- 
power on  the  run  out-bye,  and  47  horsepower  when  pulling  the 
train  into  the  main  engine-plane  landing.  At  present  about  10 
trains  per  day  ai'e  hauled  by  the  motor  which  is  only  running  for 
about  a  quarter  of  the  shift.  In  time,  this  road  will  be  abandoned 
and  the  middle  road,  B  (Fig.  1,  Plate  II.),  which  is  nearly 
level,  will  take  its  place.  The  lower  road,  C  (Fig.  1,  Plate  II.), 
will  in  future  be  worked  from  this  motor,  and  as  the  average  dip 
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is  about  1  in  25,  a  main  rope  only  will  be  used.  It  is  intended  that, 
eventually,  about  SO  trains  per  day  shall  be  collected  by  this  motor 
to  the  main  engine-plane  landing. 

The  motor  working  the  seventh  south  district  (Fig.  2,  Plate 
II.)  is  placed  at  the  junction  of  the  level  engine-plane  with  the 
slant  engine-plane.  It  works  the  main-and-tail  ropes  along  the 
level  engine-plane  to  the  landing,  a  distance  of  about  900  feet. 
Some  10  trains  of  20  corves  are  at  present  hauled  daily  upon  this 
road,  but  as  the  district  is  extended  the  haulage  will  be  extended 
along  the  lower  cross-gate  road  out  of  the  in-bye  landing  and  the 
output  considerably  increased.  About  28  horsepower  is  necessary 
to  do  the  work  on  this  engine-plane. 

The  main  rojje  onl}'  is  used  in  the  slant  district  to  haul  the 
corves  to  the  main  engine-plane  landing,  which  is  situated  1,200 
feet  below  the  motor.  This  landing  will  be  moved  up  the  plane 
to  the  point,  A  (Fig.  2,  Plate  II.),  and  the  motor  will  then  draw  all 
the  coal  from  the  slant  district  to  that  point.  At  present  about  8 
trains  of  20  corves  are  hauled  up  the  dip  gate-road,  B  (Fig.  2, 
Plate  II.),  from  a  landing  825  feet  down,  the  load  being 
then  dropped  back  into  the  present  main  engine-plane  landing. 
The  road,  B,  has  an  average  gradient  of  1  in  20  against  the  full 
load,  and  the  power  required  to  start  the  standing  train  is  58 
horsepower,  which,  very  shortly  after  the  train  is  in  n;otion,  falls 
to  3(j  horsepower. 

Neither  of  the  motors  is  working  up  to  its  full  capacity  :  they 
have  been  working  satisfactorily  during  the  two  years  that  the 
plant  has  been  in  use. 

A  general  idea  of  the  generating-plant  and  the  underground 
distribution  of  the  current  to  the  motors  is  shewn  in  Fig.  3  (Plate 
II.). 

The  two-pole  continuous-current  dynamo  with  a  drum-arijia- 
ture,  has  an  output  of  KiO  amperes  at  (iOO  volts  at  full  load,  and 
5()0  volts  on  an  open  circuit,  the  field-winding  being  over  com- 
pounded by  6  per  cent,  so  as  to  keep  the  volts  constant  at  the 
feeding-point,  and  is  driven  direct  from  the  engine  fly-wheel  by 
8  ropes,  Ij  inches  in  diameter. 

The  vertical  semi-marine  engine,  with  piston-valves,  has  a 
cylinder  21  inches  in  diameter  by  21  inches  stroke,  and  is  governed 
by  a  shaft-governor  actuating  an  inner  piston-valve.  Steam  is 
used  at  a  pressure  of  70  pounds  per  square  inch,  and  at  154  revolu- 
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tions  per  minute  the  engine  develops  145  horsepower ;  but  it  is 
capable,  together  with  the  rest  of  the  system,  of  working  for  a 
period,  considerably  above  this  duty. 

Callender  cables,  insulated  with  vulcanized  bitumen  and  ar- 
moured with  locked-coil  steel-wire,  are  used  in  the  shaft,  and  with 
galvanized  wire  armouring  on  the  underground  roads.  Four  cables 
are  carried  down  the  shaft  and  of  these  two  only  are  in  use.  They 
are  suspended  by  means  of  wooden  clamps,  secured  to  the  back  of 
the  cage-guide  buntings  :  there  are  three  points  of  attachment, 
namely,  at  the  top,  at  one-third,  and  at  two-thirds  of  Ihe  depth. 
The  clamps  are  made  of  oak,  two  pieces  being  bolted  together  with 
the  cable  lying  in  grooves  between  them  (Figs.  4  and  5,  Plate 
II.),  the  grip  on  the  cable  being  sufficient  to  prevent  it  from  slip- 
ping, and  not  ^o  great  as  to  damage  it  hy  distortion. 

Along  the  underground  roads,  the  cables  are  suspended  at 
intervals  of  about  15  feet  upon  wooden  cleats,  nailed  to  props 
and  bar-legs.  In  order  that  the  cables  may  not  be  damaged  by 
any  undue  stress  (which  might  be  put  upon  them  by  a  fall  of  roof 
or  other  causes),  about  5  per  cent,  of  over  length  of  cable  is  suspen- 
ded, which  allows  it  to  sag  slightly  between  the  supports  ;  further, 
the  cleats  will  readily  draw  away  from  the  props,  and  allow  a  con- 
siderable length  of  cable  to  be  released  from  the  supports  and  the 
stress  removed.  The  method  of  suspension  is  shewn  in  Figs.  0,  7 
and  8  (Plate  II.). 

At  positions  shewn  on  Fig.  3  (Plate  II.),  switches  and 
fuses  are  placed  in  circuit,  so  that  in  case  of  mishap  the 
current  can  be  cut-out  without  undue  delay;  whilst,  in  front  of 
each  motor-station,  a  switch  is  fixed  so  that  the  motors,  liquid 
resistances,  and  other  electrical  gear  may  be  examined  in  safety. 
The  motor-stations  and  landings  are  lighted  electrically,  5  lamps 
in  series,  and  the  current  for  the  lighting  is  taken  off  the  cables, 
in  front  of  the  last-mentioned  switches,  which  can  be  worked  with- 
out extinguishing  the  electric  lamps.  All  switches  are  of  the 
double-pole  type,  and  those  which  are  used  in  a  closed  circuit  are 
contained  in  gas-tight  metal  cases,  the  cables  being  entered  into 
these  cases,  either  through  stufhng-boxes  and  glands,  or  through 
pockets,  into  which  liquid  bitumen  was  afterwards  run,  to  act  as 
a  seal  (Fig.  9,  Plate  II.).  Incidentally  it  may  be  mentioned  that 
in  this  latter  operation  an  electric  frying-pan  was  used  with  satis- 
factory results. 
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The  joints  in  the  cables  are  made  by  clamps,  enclosed  in  cast- 
iron  boxes  which  are  filled  with  insulating  oil,  and  in  order  to  pre- 
vent the  cable  from  being  drawn  out  of  these  clamps,  coned  wedges 
and  tightening  plates  securely  grasp  the  armouring  of  the  cable 
at  either  end  of  the  joint-boxes,  any  stress  which  may  come  upon 
the  cable  being  thus  transmitted  through  the  cast-iron  box,  and  not 
through  the  clamped  copper  cores. 

The  electric  cuiTcnt  is  carried  from  the  dynamo  to  the  switch- 
box  at  the  pit-bottom  by  armoured  cable  (37  wires  of  0082  inch  in 
diameter),  the  length  of  the  cable  to  this  point,  lead  and  return, 
being  2,100  feet :  and  thence  to  the  distribution-switch  at  the  junc- 
tion of  the  sixth  soiith  road  with  the  travelling  road,  a  further 
distance,  lead  and  return,  of  7,002  feet,  the  cable  has  -37  wires  of 
Xo.  13  gauge.  The  electromotive  force  is  500  volts,  or  a  loss  of 
potential  at  this  point  at  full  load,  of  40  volts,  due  of  course,  to 
circuit-resistance.  Thence,  the  current  is  carried  to  the  sixth  south 
station,  a  distance  of  5,298  feet,  lead  and  return,  by  a  cable  (37 
wires  of  No.  15  gauge) ;  and  to  the  seventh  south  station,  8,160  feet, 
lead  and  return,  by  a  cable  (37  wires  of  No.  13  gauge),  circuit- 
resistance  causing  a  further  loss  of  potential  of  20  volts  to  either 
station,  the  working  electromotive  force  at  the  motors  being  540 
volts. 

The  motor-stations  are  walled  with  brick  and  roofed  with 
steel-girders  and,  as  before  mentioned,  are  situated  at  the  outbye- 
ends  of  the  main  engine-plane  landings,  so  that  the  full  corves  may 
be  hauled  into  positions  for  the  main  engine-plane  ropes  to  be 
attached. 

The  hauling-engines,  driven  by  the  electric  motors  by  means 
of  belt-pulleys  and  spur-gearing,  consist  of  2  drums,  each  3  feet 
in  diameter.  The  drums  can  be  thrown  in  and  out  of  gear  by  fric- 
tion-clutches, which  grip  under  the  brake-rims  of  the  drums, 
powerful  strap-brakes,  capable  of  holding  the  train  on  any  of  the 
gradients  being  provided  (Fig.  10,  Plate  II.).  The  bed-plates 
are  bolted  to  heavy  timber  foundation-frames  which  are  built  into 
the  side-walls. 

The  motors,  of  50  horsepower  when  running  at  (iOO  revolutions 
per  minute,  are  capable  of  carrying  a  50  per  cent,  overload  for 
10  minutes  without  undue  heating.  They  have  drum -armatures, 
and  the  tield-magnets,  which  are  shunt-wound,  are  compounded 
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with  a  few  series  turns  to  obtain,  a  satisfactory  torque  at  starting. 
The  motors  are  enclosed  in  gas-tight  cases,  so  that  any  sudden 
outburst  of  fire-damp  may  not  be  ignited  by  sparking  at  the 
brushes,  but  allow  the  attendant  ample  time  to  cut  out  the  arma- 
ture-circuit should  such  an  outburst  occur.  The  cases  are  made 
in  halves  and  are  readily  removable,  the  field-magnets  are  also 
constructed  to  part  at  the  centre-line  and  slide  forwards,  in  order 
that,  if  necessary,  the  armatures  may  be  removed  with  the  least 
expenditure  of  time  and  labour. 

The  shunt  or  field-circuit  is  controlled  by  a  double-pole  switch 
and  is  so  interlocked  with  the  other  switch-board  appliances,  that 
the  armature-circuit  cannot  be  closed  until  the  field  is  excited, 
nor  can  the  shunt-circuit  be  opened  whilst  the  armature-circuit  is 
closed.  The  field-magnets  are  left  excited  throughout  the  day's 
work,  and  in  order  that  the  shunt-circuit  may  be  opened  without 
sparking,  non-inductive  resistances  are  placed  in  parallel  with  the 
field-coils  at  the  moment  of  break :  the  resistance  of  the  field- 
coils  and  the  non-inductive  resistances  being  of  course  equal. 
These  switches  are  actuated  in  closed  circuit,  and  are  contained  in 
gas-tight  cases.  The  remainder  of  the  switch-board  appliances 
consist  of  a  double-pole  resistance  and  a  double-pole  reversing- 
switch  for  the  armature-circuit. 

The  resistances  for  regulating  the  armature -current  are  of  the 
Lyons  liquid  type,  wherein  a  leaden  cone  suspended  on  a  copper 
conductor,  is  gradually  lowered  through  a  slightly  alkaline  (soda) 
solution,  until  metallic  contact  is  made  with  a  leaden  cup,  fixed  at 
the  bottom  of  the  stoneware  vessel,  in  which  the  liquid  is  contained. 
By  varying  the  relative  positions  of  the  cone  to  the  cup  through  the 
liquid,  a  very  fair  control  over  the  armature-current  is  obtained. 
To  obviate  danger  from  sparking,  at  "  make  "  and  "'  break,"  the 
vessels  are  covered  with  gas-tight  covers,  the  copper-rod  conductor 
working  through  an  insulated  gland,  and  the  steam-escape  opening 
is  covered  with  gauze.  The  leaden  cones  are  lowered  and  raised 
through  the  liquid  by  means  of  a  small  worm  and  worm-wheel,  but 
this  cannot  be  effected,  as  previously  pointed  out,  until  the  shunt- 
circuit  is  closed  and  the  reversing-switch  for  the  armature-current 
is  in  proper  position.  The  least  motion  of  the  worm-gear  instantly 
locks  these  two  switches.  As  the  reversing-switch  can  only  be 
moved  when  the  aimature-circuit  is  cut  out,  it  is  left  open  to  the 
air. 
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Mr.  E.  Holiday  (Ackton  Hall  Colliery)  asked  wliether  the 
skaft  in  wkick  tke  cables  were  suspended  was  wet.  The  cables  were 
fastened  by  wooden  clamps;  however  well  the  cables  might  be 
insulated,  if  there  was  moisture  as  well  as  dust,  it  collected  on 
the  clamps,  and  with  a  high  voltage  it  was  only  a  question  of  time 
before  the  insulation  broke  down.  The  mains  were  suspended 
along  the  underground  roads  at  intervals  of  15  feet,  upon 
wooden  cleats,  but  he  recommended  that  they  should  be  hung 
on  tar-bands  fastened  with  nails.  If  anything  happened  the 
wooden  cleats  would  hold,  and  the  cables  would  probably  be 
damaged ;  whereas  if  they  were  suspended  from  nails  and  anything 
happened  tke  tar-band  might  be  broken  or  tke  nails  drawn  out 
and  a  lengtk  of  cable  allowed  to  fall  upon  tke  ground  ;  and  wken 
repairing  tke  roof,  tke  cable  could  be  lifted  oif  tke  nails,  and  laid 
upon  tke  floor.  Too  many  switckes  seemed  to  be  skewn  :  in  Fig.  3 
(Plate  II.),  tkere  was  a  main  switck  controlled  by  anotker  switck 
a  few  feet  off.  Tke  field-magnets  were  left  excited  tkrougkout 
tke  day's  work,  and  tke  power  used  for  tkis  purpose,  due  to  tke 
special  arrangement  of  resistances,  would  reduce  tke  efficiency  of 
tke  mackine.  He  did  not  see  wky  a  reversing-motor  was  used ; 
tkere  were  two  loose  drums  and  witk  a  motor  always  running  in 
one  direction,  and  witk  «are  in  winding  botk  tke  ropes  on  tke 
drums  in  tke  same  direction,  tke  motion  could  be  reversed  witkout 
using  a  reversing-switck — wkick  seemed  an  unnecessary  adjunct. 

Tke  Chairman  (Mr.  W.  H.  Ckambers)  moved  a  vote  of  tkanks 
to  Mr.  Tkomson  for  kis  interesting  paper  on  an  interesting  subject. 

Mr.  H.  St.  John  Durnford  seconded  tke  motion,  wkick  was 
approved. 


ALTERATIONS     OF    EULES. 

Mr.  J.  E.  Robinson  Wilson,  in  accordance  witk  notice  given, 
moved  tkat  tke  Eules  as  amended,  printed,  and  now  in  tke  kands 
of  tke  members,  be  adopted  as  tke  Eules  of  tke  Institute. 

Mr.  H.  B.  Nash  seconded  tke  motion,  wkick  was  adopted. 

Tke  Anniial  Dinner  was  keld  in  tke  evening  at  tke  Eoyal 
Victoria  Station  Hotel,  Shefiield. 


J 
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MIDLAND  IXSTITUTE  OF  MIXIXG,  CIVIL  AXD 
MECHANICAL  EXGIXEEES. 


GENERAL  MEETING, 

Held  at  the  Royal  Victoria  Station  Hotel,  Sheffield, 
February  24th,  1900. 


Mr.  W.  H.  chambers,  Presidext,  in  the  Chair. 


Mr.  -Tames  Keex  read  the  following  "  Description  of  tlie  Sink- 
ing of  Two  Shafts  through  Heavily  ^Vatered  Strata  at  Maypole 
Colliery,  Abram,  near  Wigan  "  :  — 

DESCRIPTIOX  OF  THE  SIXKIXG  OF  TWO  SHAFTS 
THEOFGH  HEAVILY-WATERED  STRATA  AT  MAY- 
POLE COLLIERY,  ABRA^r,  XEAR  WIGAX.* 


By  JAMES  KEEN. 


Before  describing  the  work  of  sinking  the  Maypole  pits,  the 
writer  would  like  to  say  a  few  words  as  to  why  it  was  decided  to 
put  down  such  Tery  powerful  pumping-plant,  and  the  reasons  for 
taking  precautions  for  dealing  with  a  large  volume  of  water.  He 
did  not  suppose  that  anything  except  the  knowledge  that  there 
was  a  very  large  area  of  Abram  cannel  to  be  worked  (provided  that 
the  pits  could  be  sunk  successfiilly),  would  have  led  the  Moss  Hall 
Coal  Company,  Limited,  to  undertake  the  task.  Most  of  the  mem- 
bers know  something  about  the  value  of  this  cannel,  which  yields 
the  following  products  per  ton  :  14,111  cubic  feet  of  -39  candle- 
power  gas,  with  a  large  percentage  of  valuable  residuals,  and 
about  7  ewts.  of  good  coke. 

Some  thirty  years  ago.  an  attempt  was  made  to  sink  two  pits 
on  the  estate,  but  owing  to  the  large  volume  of  water  encountered 
the  undertaking  was  abandoned,  and  the  pits  filled  up.       After 

*  Reprinted  by  permission  from  the  Transactions  of  the  Manchester  Geological 
Society,  1S99.  vol.  xxvi.,  pages  122  to  152. 
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piimpino-  for  about  12  months  at  the  shafts  described  in  this  paper, 
the  farmer  on  whose  land  the  okl  pits  were  situated  called  tlie 
writer's  attention  to  the  sudden  subsidence  of  one  of  them,  the 
ground  having  sunk  2  feet  below  the  surrounding  surface ;  and 
no  doubt  this  was  owing  to  the  water  being  drained  out  of  the  pit. 
This  was  nearly  1  mile  from  the  new  pits. 

Another  attempt  was  made  about  24  years  ago  to  sink  to  these 
valuable  mines,  about  2,100  feet  from  the  present  sinking,  and 
about  120  feet  on  the  dip.  After  pumping  the  water  found  in  the 
top  Red  Sandstone  for  several  years,  they  sank  through  it,  but  as 
soon  as  they  came  to  the  Brown-red  Sandstone  below  the  Permian 
Marls,  they  found  so  great  a  volume  of  water  that  they  abandoned 
the  undertaking,  and  the  pit  now  stands  with  300  feet  of  water  in 
it.  It  is  about  153  feet  from  the  surface,  and  runs  to  the  Maypole 
pits  at  that  level. 

Before  commencing  to  sink,  several  bore-holes  were  made  in 
different  parts  of  the  royalty,  two  being  bored  to  the  first  seam  of 
coal.  It  was  decided  to  sink  within  150  feet  of  one  of  these  bore- 
holes ;  the  Red  Sandstone  was  passed  through  at  450  feet,  and  the 
sinking  afterwards  proved  that  the  boring  gave  a  correct  account 
of  the  strata  passed  thiough.  A  diamond  drill  was  used,  and 
brought  out  a  core  of  the  strata. 

.  The  estates,  from  which  we  are  about  to  work  the  mines,  are 
surrounded  by  collieries  at  present  working,  and  as  there  is  no 
water  at  any  of  these  pits,  the  water  found  at  the  Maypole  pits  can 
only  exist  in  the  area  to  be  worked.  This  area  is  thrown  down  on 
all  sides  by  large  faults,  and  it  is  entirely  covered  with  Red  Sand- 
stone, which  is  not  found  at  the  adjoining  collieries. 

TVhen  sinking  was  commenced  it  was  thought  that  a  large 
quantity  of  water  would  be  found  in  the  top  band  of  Red  Sandstone, 
which  was  passed  through  at  165  feet;  then  followed  about  45 
feet  of  Red  Sandstone  intermixed  with  red  metal,  which  contained 
water,  but  down  to  this  depth  the  quantity  of  water  did  not  exceed 
14,000  gallons  per  hour.  The  writer  is  of  opinion  that,  during  the 
previous  trials,  these  strata  had  been  pumped  partly  dry,  as  for 
several  years  enormous  volumes  of  water  were  being  pumped 
with  very  powerful  machinery,  and  as  soon  as  they  got  through 
the  Permian  Marls  into  the  Brown-red  Sandstone  so  much  water 
was  encountered  that  they  abandoned  the  attempt  to  sink  the  pits. 
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The  writer  thinks  that  this  conclusively  proves  that  no  surface- 
feeders  can  pass  through  the  72  feet  of  strong  clay  found  at  the 
surface,  and  all  the  evidence  of  the  Maypole  sinking  proves  that 
the  water  pumped  during  the  last  three  or  four  years  has  not  been 
derived  from  surface-feeders. 

After  getting  through  the  Red  Marls,  at  339  feet,  a  large  feeder 
was  found,  and  as  the  sinking  proceeded  further  feeders  were 
found,  always  in  floors.  Xone  of  the  feeders  issued  from  vertical 
fissures,  and  after  pumping  for  a  time  they  became  smaller,  and 
finally  ceased.  So  that  to-da;y  there  is  practically  no  water,  except 
that  derived  from  a  floor  where  the  Red  Sandstone  lies  upon  the 
Coal-measures.  This  feeder,  when  first  found,  was  about  90,090 
gallons  per  hour,  but  it  has  become  gradually  less,  and  yields  now 
only  about  60,000  gallons  per  hour.  This  water  was  pumped  in- 
stead of  being  tubbed  back,  because  there  are  three  or  four 
\aluable  seams  of  coal  so  near  to  the  Red  Sandstone  that  the 
breaking  of  the  roof  in  working  these  mines  would  have  brought 
the  water  into  the  workings. 

The  most  striking  features  from  a  geological  point  of  view 
were,  first,  the  great  difference  found  in  passing  through  the  clay. 
At  No.  1  Pit,  it  went  right  down  to  the  sandstone,  but  at  Xo.  2  Pit, 
150  feet  away,  13  feet  of  running  sand  was  found  at  the  bottom 
of  the  clay,  and  3,000  gallons  of  water  per  hour  coming  right  down 
to  the  top  of  the  Red  Sandstone :  some  of  it  was  exactly  like  the 
pebbly  beach  so  often  seen  on  the  sea-shore.  At  about  360  feet, 
there  was  a  hard,  bright,  glittering  looking  sandstone,  some  of  it 
having  the  appearance  of  rock-salt,  and  a  pick  would  scarcely 
touch  it :  it  had  a  slight  saline  taste,  and  after  a  few  hours'  exposure 
to  the  atmosphere  it  wasted  away,  similar  to  ice  thawing,  and  in  a 
very  short  time  a  hole  had  run  into  the  side  of  the  shaft,  20  feet 
deep,  10  feet  wide  and  15  feet  high ;  this  had  to  be  made  secure 
as  quickly  as  possible,  otherwise  very  serious  trouble  would  have 
occurred.  We  also  found  below  this,  at  about  405  feet  down,  a  bed 
about  6  feet  thick  containing  round  balls,  from  the  size  of  a  pea 
up  to  the  size  of  a  billiard  ball,  very  hard,  and  perfectly  spherical, 
which  Avhen  put  into  the  fire  exploded  and  gave  off  a  strong 
sulphurous  smell.  These  were  portions  of  sandstone,  in  which 
the  grains  are  cemented  together  by  iron-pyrites.  A  bed  of 
flattened  round  calcareous  concretions  was  found  in  the  Permian 
Claris.     Xo  fossils  were  found  except  in  the  metals  between  the 
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vaxious  seams  of  the  Ince  mines  series,  in  which  remains  of  plants 
were  very  plentiful. 

The  sinking  of  No.  1  shaft  was  commenced  on  May  31st,  1895, 
and  the  first  bricking-ring  was  laid  at  a  depth  of  78  feet;  the 
whole  of  this  sinking  was  in  strong  clay,  and  elm-rings,  6  inches 
square,  close  timbered  with  battens,  2  inches  thick,  were  inserted. 
On  July  2nd,  1895,  water  was  found  at  a  depth  of  108  feet  and 
a  water-ring  was  put  in  at  that  point ;  at  117  feet  more  water  was 
found  than  could  be  wound,  and  sinking  operations  were  discon- 
tinued for  a  time. 

It  was  decided  to  use  an  Evans  straight-line  sinking-pump, 
having  a  7  inches  ram  and  a  steam-cylinder,  14  inches  in  diameter. 
and  24  inches  stroke,  equal  to  pumping  14,000  gallons  per  hour. 
This  pump  was  slung  in  chains,  with  large  blocks  for  lowering  it. 

Sinking  was  resumed  on  September  25th,  1895,  and  the  water 
was  passed  through  at  a  depth  of  192  feet,  where  a  water-ring  was 
inserted  to  catch  the  water,  which  amounted  to  12,000  gallons  per 
hour.  The  pump  was  fixed  on  a  bearer,  and  pumped  out  of  a  tank 
fixed  at  this  point;  and  from  this  depth  the  sinking  proceeded, 
passing  through  the  Red  Sandstone  at  210  feet,  after  which  there 
was  red  metal  for  189  feet ;  and  on  January  8th,  1896,  at  the  depth 
of  339  feet,  another  feeder  of  water  was  found. 

Another  Evans  straight-line  sinking-pump  was  slung,  with 
a  steam-cylinder  24  inches  in  diameter,  and  a  double-acting  ram, 
13  inches  in  diameter,  and  24  inches  stroke,  equal  to  pumping 
40,000  gallons  per  hour,  at  35  strokes  per  minute,  and  when  fully 
equipped  with  a  pipe-column  it  weighed  over  25  tons.  This  pump 
was  slung  on  a  steel  rod,  3^  inches  in  diameter,  in  10  feet  lengths, 
and  was  lowered  by  a  screw,  bh  inches  in  diameter,  working 
through  a  worm  and  worm-wheel,  driven  by  an  engine  with  two 
cylinders,  8  inches  in  diameter.  The  pipes  were  made  in  10  feet 
lengths,  corresponding  to  the  length  of  the  rods,  and  a  length  of 
10  feet  was  lowered  each  time,  the  slide  on  the  suction-pipe  of  the 
pumps  allowing  of  a  movement  of  12  feet.  While  sinking  and 
using  this  apparatus,  the  pump  could  be  lowered  10  feet  in  25 
minutes,  including  stopping  and  starting. 

All  the  pipes  used  were  made  of  steel  with  acme  joints, 
there  are  some  in  use  now  that  have  been  fixed  for  two  years  ;  they 
pre  light,  strong  and  durable,  and  have  never  required  repairing. 
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Each  of  the  Evans  pumps  was  fitted  with  steam-  and  exhaust- 
pipes,  5  inches  in  diameter,  and  the  rising  main  was  9  inches  in 
diameter.  These  pipes  were  hung  in  the  pit  and  swung  about 
without  having  any  injurious  influence  on  the  joints. 

Proper  stages  were  erected  for  the  men  in  charge  of  the  pumps» 
and  the  writer  thinks  that  it  is  of  the  highest  importance  in  sink- 
ing operations  to  place  a  man  in  charge  of  each  pump. 

Sinking  was  continued  to  a  depth  of  351  feet,  until  a  feeder  of 
about  27,000  gallons  of  water  per  hour  was  tapped.  It  was  then 
decided  to  make  a  pump-house  and  an  underground  lodge  at  this 
point  for  a  Hathorn-Davey  pumping-engine.  The  workmen  com- 
menced making  the  pump-house  and  lodge  on  March  17th,  1896. 

At  the  same  time,  it  was  decided  to  erect  a  Pearns  duplex  pump 
at  this  depth,  to  supplement  the  Evans  pumps;  and  while  the 
lodge-making  was  still  in  progress  the  Pearns  pum.p  was  started  on 
May  1st,  1896.  The  rams  were  10  inches  in  diameter  and  the 
steam  cylinders  24  inches  in  diameter,  the  stroke  being  18  inches. 
The  pumping  capacitj"  of  the  Pearns  pump  is  42,000  gallons  per 
hour,  when  running  at  35  strokes  per  minute. 

On  June  23rd,  1890,  the  Hathorn-Davey  ram-pump  was  started, 
with  the  engine  on  the  surface,  and  a  ram,  24  inches  in  diameter, 
having  a  stroke  of  10  feet.  Sinking  was  resumed  to  a  depth  of 
363  feet,  and  a  further  quantity  of  water  of  60,000  gallons  per 
hour  was  tapped.  This  water  came  in  so  far  below  the  fixed 
Pearns  pump  that  the  latter  could  not  deal  with  it ;  so  a  length  of 
tubbing,  made  of  boiler-plates,  with  18  inches  cement  brickwork 
and  cement-concrete  backing,  was  inserted,  and  so  elevated  the 
w  ater,  10  feet,  to  a  cistern.  This  enabled  the  Pearns  pump  to  deal 
with  what  was  beyond  the  capacity  of  the  Evans  pumps. 

It  will  readily  be  understood  that  there  were  the  usual  pump- 
ing accidents,  which  are  quite  frequent  in  sinking  operations.  On 
July  2nd,  1896,  the  large  Hathorn-Davey  pump  burst  a  clack-box 
cover,  and,  to  prove  that  mishaps  in  pumping  do  not  come  singly, 
the  Evans  pump,  by  overwork,  also  failed,  the  water  rose  to 
within  180  feet  of  the  surface,  and  all  the  pumps  were  left  under 
water.  The  Evans  pump  was  raised,  and  another  added  of  the 
same  size,  sustained  by  similar  gear  on  the  opposite  side  of  the 
shaft,  and  the  water  pumped  down. 

Sinking  was  resumed  on  July  27th,  1896,  and  continued  until 
August  6th,  when  a  further  large  feeder  was  tapped,  making  the 
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total  quantity  of  water  then  being  pumped  to  the  surface,  160,000 
gallons  per  hour.  A  Xo.  11^  pulsometer-pump  was  placed  at  this 
point  to  force  the  water  to  the  Hathorn-Davey  pump,  and  the  two 
Evans  pumps  were  fixed  on  bearers,  as  they  worked  much  more 
satisfactorily  at  this  depth  when  fixed  than  when  hung  on  slings.  • 
Sinking  then  ceased  at  Xo.  1  shaft  and  was  not  resumed  until 
more  than  a  year  later,  namely,  Xovember  12th,  1897,  when  sink- 
ing was  resumed  at  Xo.  1  pit,  and  the  water  was  passed  through  in 
exactly  the  same  manner  as  in  Xo.  2  pit;  the  sealing-ring  was 
inserted,  and  as  the  pit  is  24  feet  ou  the  dip  of  Xo.  2  pit,  most  of 
the  water  is  pumped  from  behind  the  sealing-ring  in  the  Xo.  1  pit. 
Sinking  has  been  continued  since  Xovember,  1897,  but  if  either 
pit  had  to  be  stopped  for  anything,  this  pit  has  been  allowed  to 
stand.  To-day,  it  has  been  sunk  through  the  Ince  mines,  and 
is  within  100  feet  of  the  Bickershaw  7  feet  seam. 

The  sinking  of  Xo.  2  shaft  was  commenced  on  September  1st, 

1895.  It  was  suggested  to  the  writer  that  the  pit  could  be  sunk 
through  the  clay,  without  the  elm-rings  and  battens  being  used, 
as  explained  in  describing  Xo.  1  pit,  but  he  preferred  to  run  no 
risk,  as  he  has  always  held  that  it  is  unwise  to  do  so,  especially  if 
only  a  little  labour  be  saved. 

As  before  mentioned,  the  clay  in  Xo.  1  shaft  extends  down 
to  the  rock.  In  Xo.  2  pit,  at  a  depth  of  about  00  feet  there  was 
sand  and  pebbles,  and  there  was  quicksand  down  to  about  80  feet,, 
with  from  2,000  to  3,000  gallons  of  vvater  per  hour.  There  was  the 
greatest  difiiculty  in  Keeping  the  shaft  in  passing  through  this 
treacherous  ground,  and  the  writer  is  satisfied  that  if  he  had  not 
had  the  shaft  close  timbered  from  the  surface  it  would  certainly 
have  been  lost ;  as  it  was,  the  whole  of  the  timber  m^oved  from  top 
to  bottom,  and  the  whole  of  this  timbering  was  slung  from 
the  surface  with  chains,  attached  to  large  balks  placed  across  the 
top  of  the  shaft.  A  large  winding-engine  had  been  erected  to 
wind  permanently  from  this  pit,  and  had  the  pit  been  lost  it  would 
have  been  a  very  costly  matter. 

The  sinking  was  resumed  to  a  depth  of  87  feet,  when  it  was 
stopped  by  water,  although  the  ground  appeared  open,  and  Xo. 
1  shaft  was  only  150  feet  away  and  had  a  considerably  gi*eater 
depth  than  this.       Sinking  was  recommenced  on  September  8th, 

1896,  using  the  small  Evans  sinking-pump,  that  had  been  in  use 
in  the  other  shaft,  as  the  water  had  disappeared. 
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The  sinkiug-  proceeded  to  a  depth  of  -"jIo  feet,  and  more  water 
beino'  found,  a  tunuel  was  commenced  between  the  two  shafts  :  this 
was  completed  and  bricked  on  December  7th,  1896.  Sinking-  was 
continued  again  on  that  date,  and  more  water  being  found,  a 
syphon,  4  inches  in  diameter,  was  placed  through  lue  tunnel,  which 
enabled  the  sinking  to  be  continued  until  December  13th,  1896, 
down  to  a  depth  of  360  feet. 

On  this  date,  the  Hathorn-Davey  pump  burst  its  bottom  clack- 
box,  which  resulted  in  the  water  rising  in  Xo.  1  shaft  up  to  the 
Pearns  pump.  The  two  Evans  pumps  were  raised  to  the  same 
level,  they  all  delivered  the  water  to  the  surface,  and  the  water  that 
these  pumps  could  not  deal  with  passed  through  the  tunnel  into 
^'o.  2  shaft. 

The  winding  of  water  from  Xo.  2  shaft  was  commenced  on 
December  18th,  1896,  and  up  to  Januarj'  10th,  1897,  in  this  way 
an  average  of  47,000  gallons  per  hour  was  raised  without  a  break. 
The  tank  or  barrel  held  1,010  gallons,  having  a  clack  24  inches  in 
diameter  in  the  bottom.  During  an  experimental  hour,  59,000 
gallons  of  water  were  wound,  and  the  writer  knows  of  no  other 
case  in  which  so  much  water  has  been  wound  in  the  time  from  so 
great  a  depth  by  a  single  water-barrel. 

When  the  pumps  had  resumed  work,  almost  immediately 
further  water  was  tapped  in  No.  2  shaft,  and  a  Xo.  11|  pulso- 
meter-pump  was  inserted :  the  guaranteed  capacity  being  80,000 
gallons  per  hour,  against  a  vertical  height  of  70  feet,  with  steam  at 
a  pressure  of  60  pounas  per  square  inch.  On  January  26th,  1897, 
at  a  depth  of  369  feet,  a  further  large  feeder  was  found,  and  another 
pulsometer-pump  of  the  same  size  was  required,  both  being  hung 
by  means  of  Elliot  locked-coil  ropes  attached  to  steam-capstans. 
The  water  now  began  to  leave  Xo.  1  pit  and  had  to  be  pumped 
through  the  tunnel  to  the  Hathorn-Davey,  Pearns  and  Eviuis 
pumps. 

The  greatest  dithcultj'  now  was  not  with  the  pulsometer-pumps 
but  with  the  suction-pipes,  which  were  of  light  cast-iron,  and 
having  this  Icirge  quantity  of  water  the  workmen  were  obliged  to 
fire  the  shots  while  the  suction-pipe  was  actually  in  the  pit-bottom. 
As  many  as  three  or  four  suction-pipes  were  broken  in  a  week,  and 
after  considerable  thought,  a  flexible  joint  was  made  something 
after  the  fashion  of  a  short  length  of  large  fire-hose  (Figs.  1  and  2, 
Plate  XIX.).     The  flexible  joint  was  connected  with  the  pumps; 
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above  and  the  coutiuuation  of  the  suction-pipe  below,  and  provided 
the  needful  elasticity,  thus  avoiding  breakages  from  sudden  shocks 
by  shots.  This  joint  has  been  an  eminent  success,  and  the  writer 
strongly  recommends  its  use  in  any  kind  of  sinking  operations. 

The  ordinary  delivery  and  suction-clacks  did  not  give  satis- 
faction, as  they  required  too  frequent  renewal.  Disc-valves  of 
rubber  were  used,  and  proved  most  successful. 

Sinking  was  continued  until  March  27th,  1897,  when  a  depth 
of  414  feet  was  reached,  and  during  the  whole  of  this  time  fresh 
feeders  were  being  constantly  tapped,  but  the  feeders  above  either 
became  less  or  followed  the  pit  down.  The  water  being  pumped 
at  this  time  was  about  120,000  gallons  per  hour,  practicallj-  all  in 
No.  2  shaft.  As  each  large  feeder  was  reached,  water-rings  were 
inserted,  and  although  they  had  12  inches  flanges  with  7  inches 
waterways,  and  as  many  as  six  outlets  in  them,  they  were  in- 
sufficient to  take  away  the  water. 

The  writer  may  here  refer  to  the  great  importance  of  making 
the  water-rings  thoroughly  watertight,  otherwise  it  is  of  no  use 
putting  them  in.  The  best  way  is  to  lay  them  on  oakum,  and  set 
the  first  six  courses  of  bricks  in  cement  and  mortar ;  then  grout 
the  whole  in  with  very  good  and  fresh  cement,  and  then  there  will 
be  no  difficulty  in  making  them  tight.  In  no  instance  has  water 
passed  any  of  the  water-rings,  although  they  have  been  put  in  with 
feeders  flowing  over  them  of  60,000  and  70,000  gallons  per  hour. 

The  pit  has  always  been  dry,  and  this  is  a  very  great  advantage 
in  every  way.  Many  engineers  prefer  to  bed  the  water-rings  in 
clay  and  to  puddle  them,  but  the  body  of  clay  that  can  be  inserted 
is  so  small  that  it  perishes,  and  consequently  fails  in  its  object. 
Two  of  the  first  water-rings  inserted  in  Xo.  1  shaft  were  laid 
in  this  way,  and  although  there  was  only  a  very  small  quantity  of 
water  near  them,  in  both  cases  the  water  passed  them.  All  the 
w  ater-rings  were  laid  on  solid  beds,  18  inches  wide,  and  18  inches 
brickwork  was  built  for  about  -J  feet  above  each  ring,  and  as  the 
next  length  of  brickwork  came  up  from  below  the  rock  was  cut 
out,  and  thus  9  inches  of  brickwork  was  built  under  the  front  edge 
of  the  ring.  When  this  can  be  done,  it  is  a  much  better  way  than 
carrying  the  water-ring  on  plugs. 

On  April  2nd,  1897,  another  feeder  was  found ;  the  two 
pulsometer-pumps  already  in  the  shaft  were  stationed  at  that  point 
and  tanks  made  of  light  steel  plates  were  used  to  catch  the  water 
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met  with  down  to  this  point,  and  it  was  pumped  by  the  two  piilso- 
meter-pnmps.  Two  more  pulsometer-pumps  were  applied  and 
fixed  on  the  ropes. 

Keeping  the  bore-hole  about  12  feet  in  advance,  the  sinking 
proceeded  to  a  depth  of  438  feet  comparatively  dry,  until  on  April 
18th,  1897,  a  further  large  feeder  was  tapped  by  the  bore-hole  at 
a  depth  of  450  feet.  The  water  rushed  up  the  bore-hole  and  rose 
like  a  fountain  to  "  L  oight  of  26  feet  above  the  top  of  the  hole, 
which  was  immediatciy  plugged.  It  was  decided  to  put  in  another 
Pearns  pump  capable  of  delivering  70,000  gallons  per  hour  to  the 
surface,  this  was  located  in  an  engine-house,  and  started  pumping 
on  August  8th,  1897.  In  the  meantime,  ten  or  twelve  holes  had 
been  bored  down  to  the  feeder,  and  the  volume  ascertained  to  be 
90,000  gallons  per  hour.  The  pumping  of  this  feeder  was  con- 
tinued, leaving  the  holes  open  while  the  Pearns  pump  was  being 
fixed.  Men  were  kept  ready  to  plug  the  holes,  in  case  of  any  mis- 
hap to  the  pumps,  and  when  sinking  was  resumed  the  pressure 
was  so  far  reduced  that  the  water  onlj'  rose  about  8  feet  above  the 
tops  of  the  bore-holes. 

One  bore-hole  was  put  down  to  a  depth  of  08  feet  below  the 
feeder,  and  into  the  Coal-measures,  so  that  this  large  feeder  was 
issuing  where  the  Red  Sandstone  joined  the  Coal-measures.  It  was 
recognised  that  this  point  was  below  the  water-bearing  strata,  and 
it  was  at  once  decided  to  catch  the  water,  as  there  was  ample  pump- 
ing power  to  deal  with  it. 

On  August  13th,  1897,  sinking  through  this  feeder  was  com- 
menced and  at  a  depth  of  456  feet  a  sealing-ring  was  inserted  to 
enable  us  to  take  or  stop  the  water  at  will,  and  it  was  completed 
and  the  scaffold  removed  from  Xo.  2  pit  on  September  11th,  1897. 

After  this,  sinking  was  continued  with  water  in  the  bottom 
until  a  depth  of  468  feet  was  reached,  where  tanks  were  put  iji, 
and  the  water  allowed  to  pass  from  behind  the  tubbing,  through 
pipes,  12  inches  in  diameter,  and  valves  that  could  be  regulated. 
These  valves  were  frequently  closed  for  12  hours,  and  the  water 
caused  no  trouble.  This  arrangement  was  completed  by  the  end 
of  September,  1897. 

Afterwards,  the  sinking  was  comparatively  free  from  difficulty, 
as  all  the  water  was  effectually  caught,  there  was  none  in  the  pit- 
bottom  or  loose  in  the  shaft,  and  it  was  all  being  pumped  from 
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behind  tlio  tubbiug-  or  out  oi  tanks.  The  quautity,  during 
September,  1897,  being  pumped  to  the  surface  varied  from  160,000 
to  170,000  gallons  per  hoiir.  This  maximum  quantity  has  gone 
on  diminishing,  so  that  at  the  present  time  (February,  1899)  the 
engines  are  not  pumping  more  than  70,000  gallons  per  hour,  and 
the  writer  is  even  hopeful  tnat  there  will  be  a  further  substantial 
diminution. 

No.  2  shaft  is  now  completect,  it  has  passed  through  the 
Wigan  6  feet  mine,  and  is  iJ4ih  feet  below  it,  and  the  coal-field  is 
now  being  proved.  The  total  depth  of  this  shaft  is  1,812  feet.  The 
celebrated  Abrani  cannel  was  found  at  a  depth  of  1,686  feet,  of 
excellent  quality,  6  feet  3  inches  thick,  with  1  foot  7  inches  of  coal 
on  the  top  of  the  cannel.  The  whole  of  the  mines  passed  through 
are  above  the  average  thickness  and  of  good  quality. 

The  writer  thinks  it  would  be  well  in  this  portion  of  his  remarks 
to  give  the  members  the  benefit  of  the  experience  which  he  nas 
gained  from  this  work.  There  is  an  advantage  in  all  important 
undertakings,  that  circumstances  arise  during  the  carrying  out  of 
the  work,  which,  if  properly  appreciated,  may  be  very  useful  in 
future  undertakings  of  a  similar  character. 

It  will  hardly  be  necessary  for  the  writer  to  tell  an  audience 
composed  of  those  who  have  charge  of  important  mining  works, 
that  there  should  be  no  scamping  in  mining-appliances,  and 
that,  especially  in  sinking-operations,  eveiything  should  be  made 
of  the  best  material.  This  requiiement  should  be  placed  first 
and  foremost  in  the  interests  of  safety,  because  no  amount  of  skill 
and  care  can  prevent  serious  accidents  if  the  appliances  be 
defective.  Everything  that  has  to  be  used  in  sinking  should  be 
of  the  best  quality,  and  so  far  as  possible  everything  should  be 
tested  to  a  very  much  higher  stress  than  it  is  intended  to  bear. 

Xot  only  should  everything  that  has  to  be  used  in  the  way  o'f 
lifting  have  a  large  margin  for  safetj',  but  the  whole  of  the  pump- 
ing-plant  should  be  equal  to  at  least  double  the  work  which  it  will 
be  called  upon  to  perform.  It  will  have  been  noticed  that  tiie 
greatest  volume  of  water  was  170,000  gallons  an  hour,  and  it  has 
been  satisfactory  to  the  Avriter  to  know  that  the  pumping- 
appliances  at  his  command  wei  j  nearly  equal  to  double  tnat 
amount,  namely,  310,000  gallons  per  hour  from  a  depth  of  360  feet. 

So    far    as    practicable    everything    should    be    provided    in 
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duplicate,  some  of  tlie  most  important  desiderata  being- :  — (1) 
There  should  certainly  be  two  independent  steam-pipes  to  the 
pumps  as  a  blown-out  joint  in  a  large  range  of  steam-pipes  might 
lose  the  pit;  (2)  duplicate  boiler  feed-pumps  ;  (3)  duplicate  pumps 
TO  the  condensers  of  the  pumping-engines ;  and  (4)  it  is  very  im- 
portant to  have  valves  at  the  surface  to  each  set  of  steam-pipes 
going  to  the  pumps  in  the  shafts,  with  signalling  appliances,  so 
that  they  can  be  closed  immediately  in  case  of  accident. 

It  is  simply  throwing  money  away  to  construct  shafts,  which 
in  any  case  entail  an  outlay  of  manj^  thousands  of  pounds,  with 
defective  material.  The  brickwork  should  all  be  built  in  solid, 
and  set  in  good  mortar.  Where  water  has  to  be  contended  with, 
the  setting  should  be  made  with  Lias  lime.  In  no  case  should  there 
be  any  backing  to  the  brickwork,  the  writer's  experience  being 
that  such  constructions  always  lead  to  trouble  by  ine  brickwork 
giving  way ;  and,  above  all,  only  good  hard-burnt  bricks  should 
be  used. 

The  improvements  in  steel-manufacture  of  recent  years  have 
greatly  assisted  important  mining  undertakings,  and  engineers  are 
now  able  to  make  use  of  steel  which,  with  a  quarter  of  tlie  weight, 
attords  greater  strength  than  the  cast-iron  that  formerly  prevailed. 
The  advantages  of  diminishing  the  weight  to  such  an  extent  will 
be  readily  understood.  AA'hen  both  pumps  and  pipes  are  slung 
from  the  surface,  and  raised  and  lowered  daily,  engineers  will 
understand  how  necessary  it  is  that  they  should  be  both  light  and 
strong,  and  the  pipes  should  be  fitted  with  joints  that  can  be  easily 
made,  and  are  not  liable  to  give  way. 

All  tlie  pumping-appliances  named,  with  the  exception  of  the 
Hatnorn-Davey  pumping-engine  on  the  surface,  were  not  intended, 
as  permanent  plant.  Most  sinking-pumps  are  not  economical  in 
the  use  of  steam,  and  when  permanent  plant  is  erected,  as  far  a's 
possible,  only  the  most  economical  should  be  adopted.  The  writer 
may  remark,  that  in  sinking,  economy  is  not  always  the  most  im- 
portant matter  to  consider,  as  the  best  kind  of  pump  is  one  that 
will  go  the  longest  time  without  stopping,  for  at  times  stopping 
pumps  with  2,5UU  gallons  of  water  per  minute  in  the  pit,  means 
disaster. 

The  Evans  straight-line  sinking  pump  did  good  service,  it  is 
strong  and  wants  little  repairs,  the  clacks  are  adapted  to  pump 
any  amount  of  sand,  and  it  is  a  ram-pump.     Xothing  but  a  ram- 
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pump  would  have  been  of  SLuy  use  owing  to  the  sand,  which  was 
raised  witii  the  water.  The  various  pumps  at  times  have  dealt  with 
several  tons  of  sand  every  24  hours.  The  Pearns  horizontal  duplex 
pump,  with  a  short  stroke  running  quickly,  is  suitable  for  pumping 
large  quantities  of  sand.  The  Evans  and  Pearns  pumps  were 
frequently  run  at  35  strokes  per  minute.  The  Pearns  pump  had 
valves  that  would  also  pass  any  amount  of  sand.  Xeither  of  these 
pumps  wanted  repairing  very  often,  and  this  is  a  great  considera- 
tion. The  writer  only  agreed  to  use  the  pulsometer-pump  with 
a  guarantee,  which  has  been  more  than  fulfilled.  By  the  vital 
principle  of  its  action  this  pump  is  light,  which  enables  it  to  be 
easily  handled,  and  as  the  steam  used  in  forcing  the  water  combines 
with  and  is  delivered  with  the  water,  all  trouble  from  exhaust- 
steam  in  the  shaft  is  avoided. 

The  writer  does  not  hesitate  to  state  that  if  he  nad  to  commence 
another  sinking  of  this  character,  to  pass  through  a  volume  of 
water  of  150,000  gallons  an  hour  at  a  depth  not  exceeding  300  feet, 
he  would  use  pulsometer-pumps  alone  for  the  pumping  during 
sinking.  He  is  satisfied,  with  the  pressure  of  steam  now  easily 
available,  that  pulsometer-pumps  would  raise  practically  any 
volume  of  water  to  a  vertical  height  approaching  100  feet,  which 
would  necessitate  the  use  say,  of  three  different  pulsometer-pumps 
and  diiferent  lifts  for  that  depth.  He  would  make  his  shafts  large 
enough  in  diameter  to  provide  room  for  these  pulsometer-pumps 
without  interfering  with  the  needful  area  in  the  shaft  itself. 
A  pulsometer-pump  will  pump  almost  anything,  and  matter  with 
nhich  an  ordinary  pump  finds  it  impossible  to  deal  does  not  hamper 
a  pulsometer-pump.  One  pulsometer-pump  was  pumping  30,000 
gallons  per  hour  against  a  head  of  107  feet,  with  a  steam-pressure 
of  85  pounds  per  square  inch  for  many  months. 

The  writer  has  already  expressed  his  opinion  that  whatever 
class  of  pumping-appliances  is  in  use,  each  separate  pump  should 
have  a  man  constantly  in  charge.  TThen  pumps  stop  they  take 
some  time  to  re-start,  and  a  man  having  hold  of  the  steam-valve 
can  often  prevent  a  pump  from  actual  stoppage.  If  the  work  goes 
on  smoothly  he  has  little  or  nothing  to  do — so  much  the  better — - 
but  in  the  event  of  the  mishaps  so  natural  in  sinking  operations, 
the  man  is  in  attendance,  and  can  prevent  a  disaster  which  might 
flood  the  shaft.  The  writer  is  also  of  opinion  that  in  no  case 
shoiiid  pumps  be  left  to  the  mercy  of  sinkers. 
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The  writer  will  now  briefly  describe  the  method  adopted  when 
reaching  the  bottom-feeder,  which  was  the  largest  feeder  en- 
countered, making  90,000  gallons  per  hour.  Below  the  sand- 
stone was  hard  white  rock  for  some  depth,  and  8  feet  above  the 
feeder,  the  shaft  was  widened  out  2  feet  6  inches  all  round,  and  the 
shaft  was  sunk  of  this  diameter  down  to  6  feet  below  the  feeder. 
There  was  a  perfect  bed  for  a  bricking-ring,  made  of  cast-iron  in 
eight  segments,  with  a  flange,  6  inches  high,  at  the  front,  and  an- 
other flange  of  the  same  size,  19  inches  from  the  front.  This  ring 
was  laid  on  strong  felt  and  carefully  grouted  with  cement.  "When 
this  ring  was  made  tight,  a  cylinder  was  made  of  boiler-plates,  15 
feet  high,  in  two  parts,  the  bottom  part  being  10  feet  and  the  top 
part  5  feet  long.  The  cylinder  was  also  in  eight  segments,  each  seg- 
ment having  2^  inches  angle-iron  rivetted  to  it,  with  |  inch  holes, 
spaced  2^  inches  apart,  for  bolting  the  sections  together,  and  an 
angle-iron  ring  rivetted  to  the  bottom,  for  the  cylinder  to  stand 
on ;  with  rings  of  4  inches  angle-iron,  having  |  inch  bolts,  spaced 
2h  inches  apart,  for  bolting  the  upper  and  lower  lengths  together. 
The  10  feet  length  was  put  in  first,  with  two  12  inches  outlet-pipes 
near  the  bottom,  and  two  other  outlets,  7  feet  from  the  bottom, 
fitted  with  12i  inches  delivery-pipes,  2  feet  long.  These  segments 
were  bolted  together,  with  indiarubber  strips  at  the  joints,  and 
caulked  with  oakum  at  the  bottom  behind  the  flange  on  the  ring 
and  made  perfectly  watertight.  A  ring  of  18  inches  cement  brick- 
work was  built  up  to  the  top  of  the  10  feet  cylinder,  and  each  course 
grouted  with  cement,  then  two  blank  flanges  were  put  on  the 
bottom  pipes,  and  the  water  flowed  out  of  the  top  pipes.  The  10 
inches  space  behind  the  boiler-plate  cylinder  was  then  filled  with 
concrete  made  of  small  broken  bricks  and  cement.  As  each  foot 
in  height  was  filled,  cement  was  run  down  through  4  inches  pipes, 
with  funnels  at  the  top,  so  that  it  would  run  all  round.  "When  this 
was  filled  to  a  height  of  6  feet,  the  next  3  feet  was  filled  with  broken 
bricks — about  three  pieces  out  of  each  brick.  Some  old  boiler- 
plate was  then  placed  on  the  top  of  these  bricks,  and  made  tight 
with  cement  and  concrete  to  the  top  of  the  10  feet  cylinder.  The 
5  feet  cylinder  was  then  built  on  the  top,  and  bolted  together  to  the 
lower  cylinder  with  indiarubber  strips  between  the  horizontal  joint 
and  the  vertical  joints,  and  the  18  inches  cement  brickwork  was 
carried  to  the  top  of  this  cylinder.  The  top  length  was  filled  with 
concrete  in  the  same  way  as  the  bottom  length,  and  the  brickwork 


64  DISCL'S-IOX— SINKING  THROUGH  HEAVILY-WATER£D  STRATA. 

was  carried  up  to  the  ring  above  it.  Valves  were  put  upon  the 
delivery-pipes,  which,  when  the  pumps  are  at  work,  are  kept  open, 
and  when  from  any  cause  the  pumps  are  stopped  these  valves  are 
closed,  and  the  shaft  is  kept  perfectly  dry  (Fig.  8,  Plate  XIX.). 

The  diameter  of  Xo.  1  pit  is  18  feet  and  of  Xo.  2  pit,  16  feet. 

Such  is  the  writer's  description  of  the  sinkings  at  Maypole  so 
far  as  they  have  progressed,  and  as  they  mean  not  only  the  passing 
through  of  the  whole  of  the  watery  strata,  but  that  in  Xo.  2  shaft 
a  further  distance  of  600  feet  has  been  accomplished,  he  thinks 
that  the  description  almost  covers  the  entire  Avork. 


Mr.  James  Keen  said  that  two  Pearns  pumps  were  being 
erected,  12  inches  in  diameter  and  3  feet  stroke,  to  pump  80,000 
gallons  of  water  an  hour  when  running  at  an  easy  speed.  The 
lodge-room  was  To  feet  below  the  water,  and  in  addition,  there  v\  "it 
two  independent  pumps,  either  of  them  capable  of  raising  a  large 
volume  of  water.  The  engine-house  would  be  80  feet  long  by  15 
feet  wide,  and  15  feet  high. 

Mr.  G.  B.  TTalkf.r  asked  whel'ier  the  pulsometer-pump  used 
50  per  cent,  more  steam  than  an  efficient  pump  to  raise  the  same 
quantity  of  water. 

Mr.  James  Keen  replied  that  he  could  not  give  the  exact  steam- 
consumption.  One  difficulty  with  the  pulsometer-pump  was  that 
if  it  was  so  unfortunate  as  to  stop,  it  would  take  h  hour  to  re- 
start it.  An  engineman  of  experience  could  tell  when  the  pump 
was  going  to  stop :  if  the  ball  began  to  chatter,  he  should  shut  off 
the  steam  until  it  steadied  again;  when  left  to  themselves  these 
pumps  stopped  constantly. 

Mr.  Walter  Hargreaves  said  that  Mr.  Keen's  arrangement  of 
a  flexible  joint  on  the  suction-pipe  was  useful,  and  it  would  reduce 
the  breakage  of  strainers  and  suction-pipes  while  firing  shots  in 
the  pit-bottom.  The  valves  of  pulsometer-pumps  were  destroyed 
in  considerable  numbers. 

Mr.    James    Keen    stated   that    if   the    valves    were   made    as 
described  in  his  paper,  they  would  require  less  frequent  renewal. 
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Th.e  pulsometer-pump  was  worked  with,  a  sliding-  steam-joint,  8 
feet  long,  and  tKe  joint  was  packed  like  a  piston-ring,  in  order  that 
it  could  be  slid  back. 

Mr.  M.  H.  Habersiiox  asked  how  the  cement  was  inserted  after 
the  water-rings  had  been  laid,  while  such  large  volumes  of  water 
were  flowing  over  them. 

Mr.  JAMES  Keex  stated  that  the  water-rings  were  laid  on 
oakum,  after  the  bed  bad  been  carefully  levelled,  and  then  the 
cement  was  run  in.  Tbey  then  laid  three  or  four  courses  of  bricks 
on  the  ring,  leaving  pigeon-holes  to  allow  the  water  to  flow  into  the 
water-pipe  ring. 

Mr.  M.  H.  Habershox  asked  what  was  the  composition  of  the 
cement. 

Mr.  Keex  replied  that  Portland  cement  was  used.  AVhen 
large  volumes  of  water  were  flowing,  a  temporary  wooden  ring  was 
used,  which  caugbt  the  bulk  of  the  water  and  passed  it  into  the 
middle  of  the  pit  until  the  cement  was  set. 

Tbe  PRESiDEJfT  (Mr.  W.  H.  Chambers)  moved  a  vote  of  thanks 
to  Mr.  Keen  for  bis  valuable  paper. 

The  motion  was  unanimously  adopted. 
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CHESTERFIELD  AND  MIDLAND  COUNTIES  INSTITU- 
TION OF  ENGINEERS,  AND  THE  MIDLAND  INSTI- 
TUTE OF  MINING,  CIYIL  AND  MECHANICAL 
ENGINEERS. 


JOINT  MEETING, 
Held  at  Blackwell,  November  1st,   1900. 


Mr.  MAURICE   DEACON,   President   of   the   Chesterfield   and   Midland 
Counties  Institution  of  Engineers,  in  the  Chair. 


The  collieries  belon.^ing  to  the  Blackwell  Colliery  Company, 
Limited,  were  inspected  by  the  members  under  the  guidance  and 
direction  of  Mr.  J.  T.  Todd,  general  manager. 

A  cordial  vote  of  thanks  was  accorded  to  the  Blackwell  Colliery 
Company,  Limited,  for  their  hospitality  and  kind  permission  to 
inspect  the  collieries. 


The  Secretary  of  the  Chesterfield  and  Midland  Counties  Insti- 
tution of  Engineers  announced  the  election  of  the  following  gentle- 
men:— 

Members — 
Mr.  Philip  Beaumont,  Colliery  Manager,  Church  Gresley  Colliery,  Burton- 

upon-Trent. 
Mr.  G.  W.  Bradford,  Manager,  Birley  Collieries,  Sheffield. 
Mr.  Featherstone  Fenwick,  Colliery  Owner.  Newcastle-upon-Tyne. 
Mr.  George  J.  German,  Colliery  Manager,  Reservoir  Colliery,  Ashby-de-la- 

Zouch. 
Mr.  R.  H.  F.  Hepplewhite,  Colliery  Manager,  Pentrich  Colliery,  Derby. 
Mr.   Henry  Walker  Hill,  Mechanical  and  Consulting  Engineer,  Church 

Gate,  Nottingham. 
Mr.    William    Horsley    Humble,    Colliery    Manager,    Oxcroft    Colliery, 

Bolsover. 
Mr.  Robert  Laverick,  Colliery  Manager,  Sutton  Colliery,  Mansfield. 
Mr.  Percy  William  Lewis,  Mining  Engineer,  Albert  Street,  Derby. 
Mr.    W.    J.    Morris,    Mechanical   Engineer,    Sheepbridge    Coal    and    Iron 

Company,  Limited,  near  Chesterfield. 
Mr.  John  Poxon,  Colliery  Manager,  Warsop  Main,  near  Mansfield. 
Mr.   David  Rushforth,  Mechanical  Engineer,   The   Clay  Cross  Company, 

Limited,  Clay  Cross. 
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Mr.  Hexrt  Rowbottom  Watson,  Colliery  Manager,  Loscoe  Fields,  Codnor, 
near  Derby. 

Associates — 

Mr.  William  Bates,  Enginewright,  Birley  East  Colliery,  Sheffield. 

Mr.  Edward  FARyswoRTH,  Colliery  Engineei-,  Pye  Hill  Villas,  near  Not- 
tingham. 

Mr.  Jaaies  Searstox,  Assistant-Manager,  Pye  Hill,  near  Nottingham. 

Mr.  JoHX  Wright,  Under-Manager,  Hucknall  Torkard  Colliery,  Notting- 
ham. 

Mr.  William  Wright,  Under-Manager,  Pollington  Colliery,  New  Brmsley, 
near  Eastwood,  Notts. 

Students — 
Mr.  Oswald  Jefferson  Bainbridge,  ^Mining  Student,  Blackwell  Collieries, 

Alfreton. 
Mr.  Harry  Davidson  Orr,  Mining  Student,  Langwith  Colliery,  Mansfield. 
Mr.    Joseph    Cresswell    Roscamp,    Mining   Student,    Hucknall    Torkard 

Collieries,  Nottingham. 
Mr.  Wii.  Dyson  Rowley.  Mining  Student,  Sheepbridge,  Chesterfield. 
Mr.  Charles  R.  Sams,  Mechanical  Engineer,  Shipley  Collieries,  Derby. 


The  Secretary  of  the  Midland  Institute  of  Mining,  Civil  and 
Mechanical  Engineers  announced  the  election  of  the  following 
gentlemen :  — 

Members — 
Mr.    George    Williaji    Bradford,   Colliery  Manager,   Birley    Collieries, 

Sheffield. 
Mr.  Thos.  H.  Brierly,  Mining  Engineer,  Cheltenham  Villa,  282,  York  Road, 

Leeds. 
Mr.  W.  BtrxTON,  Colliery  Manager,  Altofts,  Normanton. 
Mr.   Thomas  Cook,  Steel  Manufacturer,  Glasgow  Steel  and    File    Works, 

Slieffield. 
Mr.  Horatio  Eshevarrieta,  Mine  Owner,  Bilbao,  Spaiuc 
Mr.  Nambc  Kingo,  Mining  Engineer,  Mitsubishi  Company,  Tokio,  Japan. 
Mr.  W.  D.  Lloyd.  Mining  Engineer,  Altofts,  Normanton. 
Mr.  J.  Leonard  Micklethwait.  Mining  Engineer,  Haigh  Hall,  Barnsley. 
Mr.    Walton    Routledge,    Colliery    Engineer,    Glasshoughton   Collieries, 

Castleford.    i 
Mr.  John  Henry  Taylor,  Ci\'il  Engineer,  Borough  Smveyor,  Barnsley. 
^Ir.  .John  Tinsley,  Mechanical  Engineer,  Perseverance  Works,  Stalybridge. 
^Ir.  W.  M.  Treglown,  Mechanical  Engineer,  114a,  Queen  Victoria  Street, 

London. 

Associates — 
Mr.  Reginald  Ed.  Horrox,  Colliery  Surveyor,  Birley  Collieries,  Sheffield. 
Mr.  Frank  Waring  Westby,  Under-Manager,  foxholes  Colliery,   Methley, 

Leeds. 
Mr.  James  Whitfield,  Under-Manager,  Glasshoughton  Collieries,  Castleford. 
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BLACKWELL  COLLIERIES. 

The  Blackwell  collieries  are  situated  near  Alfreton,  Derby- 
sliire,  and  comprise  tlie  A  and  B  Winnings,  and  the  Alfreton  and 
Shirland  pits.  The  A  and  B  AV^innings  were  sunk  in  1872  and  1875 
respectively,  Alfreton  in  1885,  and  Shirland  was  acquired  in  1899. 

The  Deep  Hard  and  Low  Main  seams  are  worked  at  the  A 
and  B  Winnings,  the  Deep  Soft  and  Deep  Hard  seams  at 
Alfreton,  and  the  Deep  Hard,  Low  Main  and  Blackshale  seams 
at  Shirland. 

A  Winning. — The  A  Winning  has  two  shafts,  14  feet  in  dia- 
meter, coal  being  wound  from  the  Low  Main  seam  at  a  depth  of 
711  feet,  and  from  the  Deep  Hard  seam  at  537  feet,  the  latter  being 
the  upcast  pit.  Both  shafts  are  sunk  to  the  Blackshale  seam, 
which  was  reached  at  a  depth  of  876  feet. 

The  winding-engines  each  have  cylinders  30  inches  in  dia- 
meter by  6  feet  stroke,  with  flat  drums,  18|  feet  in  diameter. 
The  double-decked  cages  have  two  tubs  on  each  deck,  which  are 
unloaded  simultaneously. 

Ventilation  is  produced  by  a  Gfuibal  fan,  45  feet  in  diameter. 
The  upcast  shaft  is  fitted  with  self-acting  doors  at  the  surface, 
worked  b}^  levers. 

The  haulage  is  on  the  main-and-tail-rope  and  endless-rope 
systems  :  there  being  one  hauling-engine  on  the  surface  and  three 
engines  underground. 

On  the  surface,  the  shops,  offices,  etc.,  and  underground,  the 
shaft-sidings  and  stables,  are  lighted  by  electricity. 

The  Low  Main  coal  is  tipped  upon  a  shaking-screen,  where 
the  slack  and  nut  coals  are  taken  out  and  subsequently  divided, 
and  the  best  coal  is  passed  on  to  a  travelling  picking-belt. 
Trams  of  Hard  coal  are  run  alongside  the  trucks  and  the  steam 
and  brights  are  picked  out  by  hand,  the  remainder  being  passed 
over  a  shaker-screen  and  divided  into  cobbles  and  slack  coal. 

There  are  72  beehive  ovens,  11|  feet  in  diameter,  in  which 
coke  is  made  from  Low  Main  slack  ground  by  a  Carr  dis- 
integrator. 

Steam  is  raised  from  the  waste-gases  of  the  coke-ovens  by 
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means  of  elepliaut  type  boilers.  The  coke  is  drawn  fi-om  the 
ovens  by  a  machine  extractor,  and  conveyed  to  jigging  screens 
by  means  of  conveyor-belts  and  elevator-boxes. 

B  Winning. — The  two  shafts  are  each  14  feet  in  diameter; 
coal  is  wound  from  both.  The  depth  to  the  Low  Main  seam  is 
861  feet  and  to  the  Deep  Hard  seam  684  feet. 

Each  of  the  winding-engines  has  two  cylinders,  32  inches  in 
diameter  by  6  feet  stroke,  and  both  are  fitted  with  automatic 
expansion-gear.  The  Deep  Hard  winding-engine  has  a  fiat 
drum,  14  feet  in  diameter,  and  the  Low  Main  winding-engine  a 
conical  drum,  16  feet  to  18  feet  in  diameter.  The  cages  are 
double-decked,  with  2  tubs  on  each  deck,  which  are  unloaded 
simultaneously. 

The  mouth  of  the  Low  Main  or  upcast  shaft  is  provided  with 
steel  lifting-hoods,  the  weights  of  which  are  relieved  by  balance- 
chains.     The  Guibal  fan  is  36  feet  in  diameter  by  12  feet  wide. 

The  single-rope  haulage  is  worked  by  two  engines  placed 
m\  the  surface,  but  a  large  hauling-engine  is  being  erected  on 
the  surface,  for  both  single-rope  and  main-and-tail-rope  haulage. 

The  screening  arrangements  are  very  similar  to  those  at  the 
A  Winning. 

Bricks  are  made  for  the  whole  of  the  collieries,  the  plant 
comprising  brick-making  machinery  and  4  large  Newcastle  kilns. 

An  electric-lighting  plant  is  now  being  erected,  to  light  the 
whole  of  the  surface-plant  and  the  pit-bottoms,  stables,  etc. 

Alfreton. — The  two  shafts  are  each  15  feet  in  diameter,  but 
coal  is  only  wound  from  the  downcast  shaft.  Two  seams  are 
worked  from  one  level,  the  Deep  Soft  and  the  Deep  Hard,  which 
is  54  feet  lower  and  is  reached  by  a  drift  dipping  1  in  6. 

The  winding-engine  has  two  cylinders,  each  30  inches  in 
diameter,  by  5  feet  stroke,  with  a  flat  drum,  18  feet  in  diameter. 

The  Walker-Guibal  fan  is  24  feet  in  diameter  by  ~h  feet 
wide. 

The  endless-rope  haulage  is  worked  by  a  continuous-running 
engine  at  the  surface  and  an  endless  wire-rope,  driving  gearing 
fixed  at  the  pit-bottom.  The  underground  gearing  consists  of 
spur-wheels  geared  in  the  ratio  of  4-6  to  1,  driving  4  separate  surg- 
ing-pulleys  for  working  the  different  districts:    all  the  pulleys 
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are  carried  br  one  shaft,  and  eacli  is  provided  Avitli  a  friction- 
chitcli  actuated  hx  means  of  liand-wlieels  and  screws.  The  haul- 
age ropes  of  any  or  all  of  the  districts  can  be  stopped  without 
stopping  the  surface-engine  or  interfering  with  the  other  districts. 

The  air-compressing  plant  for  driving  the  coal-cutting 
machines  consists  of  two  Ingersoll-Sergeant  engines  and  one 
Sturgeon  air-compressor.  Four  coal-cutting  machines  made  by 
the  Yorkshire  Engine  Company  and  one  Garforth  machine  are 
under-holing  the  coal  to  a  depth  of  4  feet  to  5  feet,  driven  by 
compressed  air. 

On  the  surface,  the  offices  and  shops,  and  underground,  the 
pit-bottoms  and  sidings,  are  lighted  by  electricity. 

The  Deep  Soft  coal  is  tipped  upon  a  long  travelling  belt, 
where  several  qualities  are  picked  out,  and  the  remainder  is 
screened  and  picked  into  various  qualities  of  cobble,  nut  and 
slack  coal.  The  Deep  Hard  makes  steam,  furnace,  brights, 
cobbles  and  slack  coal. 

SMrland. — The  shafts  are  sunk  to  the  Blackshale  seam,  -i68 
feet  deep,  from  the  level  of  which  all  coal  is  wound.  The  other 
Beams  are  reached  by  rise  drifts  driven  across  the  measures.  The 
downcast  shaft  is  used  for  winding,  and  the  upcast  shaft  is  used 
as  a  pumping  pit. 

The  horizontal  winding-engine  has  two  cylinders  24  inches 
in  diameter  by  4  feet  stroke,  with  a  drum  12  feet  in  diameter. 

The  single-inlet  Capell  fan  is  12i  feet  in  diameter  by  6  feet 
wide. 

Large  quantities  of  water  are  pumped  to  the  surface  by  the 
pumping  plant  consisting  of  an  underground  Hathorn-Davey 
pump,  with  a  steam  cylinder  36  inches  in  diameter  by  6  feet 
stroke,  with  rams  13  inches  in  diameter  by  6  feet  stroke.  In 
the  workings,  there  are  three  rope-driven  pumps,  and  thi;ee 
3-throw  pumps  driven  by  electricity.  There  are  also  3  sets  of 
pumps  in  the  upcast  shaft  delivering  water  to  the  surface, 
namely :  a  bucket  pump,  15  inches  in  diameter,  and  plunger 
sets,  14  inches  and  13  inches  in  diameter,  worked  by  means  of 
rods  and  quadrants  driven  by  engines  placed  on  the  surface. 

The  surface  plant  and  pit-bottom  is  lighted  by  electricity. 

The  electric-power  plant  for  supplying  current  to  the 
coal-cutting  machines  and  pumj^s  consists  of  a  Eobey  engine, 


BLACKWELL   COLLIERIES.  71 

with  two  cylinders,  19^  inches  in  diameter  by  2^  feet  stroke, 
running  at  100  revolutions  per  minute.  The  IS^o.  1  djnamo  is 
a  compound-wound,  centre-hung,  four-pole,  continuous-current 
machine  running  at  GOO  revolutions  per  minute,  and  producing  180 
amperes  at  420  volts.  The  Xo.  2  or  spare  dynamo  is  a  compound- 
wound,  under-hung,  two-pole  machine  running  at  4-50  revolu- 
tions, and  producing  175  amperes  at  450  volts. 

There  are  four  Clarke-and-Stephenson  coal-cutting  machines 
working  in  the  Deep  Hard  seam,  undercutting  to  a  depth  of  4i 
feet,  and  one  Garforth  coal-cutter  in  the  Silkstone  seam,  under- 
cutting to  a  depth  of  5|  feet,  driven  by  electricity. 

The  main-and-tail-rope  and  endless-rope  haulage  is  driven  by 
an  engine  at  the  surface,  and  two  engines  in  the  mine. 

The  Deep  Hard  coal  is  tipped  on  to  shaker-screens,  which 
take  out  the  slack  coal,  and  the  lumps  pass  to  a  picking-belt, 
where  the  steam,  furnace  and  bright  coals  are  picked  out,  the 
residue  being  cobbles.  The  Low  Main  and  Silkstone  coals  are 
screened  into  three  sizes,  namely,  best,  nuts  and  slack  coal. 

There  ai'e  30  beehive-ovens,  in  which  coke  is  made  from  the 
Low  Main  and  Silkstone  slack  coal  ground  by  a  devil  dis- 
integrator. The  waste-gases  from  the  ovens  are  utilized  for 
generating  steam. 

At  the  A  and  B  Winnings,  there  are  excellent  workmen's 
institutes,  comprising  billiard-rooms,  reading-rooms,  etc.,  and  a 
Boys'  Brigade  hall,  comprising  a  gymnasium,  reading-rooms, 
games-rooms,  baths,  etc.,  has  been  recently  erected. 
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MIDLAND  I>'STITUTE  OF  MIXING,  CIVIL  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 
Held  at  the  Harvey  Institute,  Barxsley,  December  8th,  1900. 


Mr.  JOHN  GERRARD,  President,  ix  the  Chair. 


The  minutes  or  the  pievioiis  General  Meeting  were  read  and 
confirmed. 


The  following  gentlemen  were  elected,  having  been  previously 
nominated  :  — 

Members — 
Mr.   Alfred  Winter  Barnes,   Colliery  Manager,   Barnsley  Main   Colliery, 

Barnsley. 
Mr.    W.    J.    S.    Batey,    Mining    Engineer,    Ryton    Lodge,  Doncaster  Road, 

Rotherliam. 
Mr.  E.  Parkin,  Colliery  Owner,  Greasbro"  Colliery,  Masbro',  Rotherliam. 

Student — 
Mr.  J.  X.  Walker,  Mining  Student,  Grimethorpe  Colliery,  Brierley,  Barnsley. 


Mr.  JoHX  Geerard  read  his  Presidential  Address  as  follows  :  — 
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PRESIDENTIAL  ADDRESS. 


By  JOHN  GERRARD,  H.M.  Inspector  of  Mixes. 


My  first  duty  is  to  thank  tlie  members  for  the  great  honour  that 
they  have  conferred  upon  me  by  electing  me  President. 

It  is  exceedingly  pleasant  to  come  back  to  old  friends ;  it  has 
been  a  pleasure  to  subscribe  to  your  funds  for  26  years,  although 
during  the  past  8  years,  I  have  only  occasionally  been  able  to 
attend  your  meetings.  In  that  short  time,  there  have  been  many 
changes  ;  no  longer  have  we  the  venerable  presence  of  Mr.  T.  AY. 
Embleton,  first  and  oftentimes  President ;  the  geniality  of  Mr. 
Joseph  Mitchell,  who  filled  every  ofiice,  and  as  Secretary,  Treasurer 
and  President  did  so  much  to  promote  the  good  work  of  this  Insti- 
tute :  the  wise  counsel  of  Mr.  Arthur  M.  Chambers  :  the  aptness  of 
Mr.  Richard  Carter :  or  the  ability  and  wide  experience  of  Mr. 
T.  'W.  Jeifcock. 

It  is  necessary  to  allude  to  these  distinguished  occupants  of 
the  presidential  chair,  as  I  have  to  ask  your  consideration  for  my 
shortcomings,  and  the  want  of  that  ability  so  conspicuous  in  all  of 
mj  predecessors ;  and  your  aid,  for  it  is  only  by  the  help  of  the  past 
and  present  ofl&cers,  the  Council,  and  the  members,  that  the  use- 
fulness of  this  important  Institute  can  be  maintained. 

Every  effort  should  be  made  to  induce  those  who  ought  to  be 
members  and  who  can  give  honour  to  the  Institute,  to  join  as 
members.  Every  effort  should  be  made  by  the  members  to  attend, 
and  to  increase  the  interest  of  the  meetings  by  being  prepared  to 
take  pai't  in  the  discussions,  to  contribute  papers,  to  exhibit  new 
mechanisms  or  engineering  objects  of  interest,  and  to  describe  any 
novel  mining  experience.  The  exhibition  of  geological  specimens 
might  be  introduced  at  our  meetings,  for  the  information  of  the 
members. 

When  in  1869,  the  South  Yorkshire  Viewers  Association 
became  the  Midland  Institute  of  Mining,  Civil  and  Mechanical 
Engineers,  it  was  clearly  stated  that  one  of  the  main  objects  of  the 
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Institute  was  : — the  prevention  of  accidents.  "  To  discuss  means 
for  the  ventilation  of  coal  and  other  mines,  the  winning  and  work- 
iuir  of  mines,  the  prevention  of  accidents  and  the  advancement  of 
the  science  of  mining."  In  passing,  how  fitting  that  H.M. 
inspectors  of  mines  should  be  present  at  such  meetings,  to  learn 
and  to  give  information  upon  matters  so  closely  associated  with 
their  ofl&cial  position.  The  Institute  has  increased  its  member- 
ship from  about  75  in  1869  to  about  270  at  the  present  time. 

The  'Transactions  record  valuable  papers  and  discussions  on  the 
working  and  ventilation  of  mines,  their  safe  lighting  and  the  pre- 
vention of  accidents.  Many  of  the  members  have  done  much 
for  the  advancement  of  the  science  and  art  of  mining. 

Accidents  in  Mines. 

The  records  of  accidents  in  mines  have  so  often  been  un- 
folded that  it  is  exceedingly  difficult  to  say  anything  new  thereon. 
Repeatedly,  tlie  great  improvement  and  the  reduction  in  the  loss 
of  life  in  mining  have  been  discussed  before  this  and  kindred 
Institutes.  But  it  is  now  my  desire  to  put  before  the  members 
concisely  and  clearly  the  nature  of  the  improvement  that  has  been 
secured. 

The  earliest  official  record  began  in  1851,  but  it  is  wellknown 
that  the  list  of  fatalities  for  that  year  was  not  complete,  and  that 
the  records  of  the  output  and  the  number  of  persons  employed  were 
all  understated.  Consequently  any  improvement  that  may  be 
shown,  as  regards  the  accidents,  is  under  rather  than  overstated. 
In  Tables  I.  and  II.  and  III.  and  IV.,  the  accidents  and  deaths  are 
classified  in  the  usual  way,  alternate  periods  of  five  j-ears  being 
recorded  and  compared,  and  if  the  earliest  period  be  considered 
unsatisfactoiy  the  following  period  may  be  taken  for  comparison. 

In  the  first  period,  there  was  an  average  of  92  explosions  per 
annum,  causing  on  the  average  2*5  deaths  per  explosion ;  in  the 
second  period,  59  explosions,  and  3  deaths  ;  in  the  third  period,  51 
explosions,  and  •j"4  deaths  ;  in  the  fourth  period,  29  explosions,  and 
7-3  deaths ;  in  the  fifth  period,  18  explosions,  and  10'4  deaths  :  and 
in  the  last  period,  18  explosions,  and  3-6  deaths.  These  figures 
clearly  show  that  the  number  of  explosions  diminished,  that 
the  number  of  deaths  per  explosion  increased,  and  that  now  in 
the  last  period,  the  number  of  deaths  per  explosion  has  happily 
diminished  and  again  approaches  that  of  the  earlier  periods. 
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The  general  use  of  open,  unprotected  lights  caused  a 
number  of  small  explosions,  involving  few  deaths  per  explosion. 
"While  coal-dust,  coupled  with  the  use  of  large-flame-producing 
explosives,  considerably  increased  the  loss  of  life  per  explosion. 
The  use  of  less-flame-producing  explosives,  followed  by  the 
Explosives  in  Coal-mines  Order  had  reduced  the  loss  of  life  to 
that  of  the  earlier  periods  :  a  loss  of  life  which  will  probably  con- 
tinue, so  long  as  \mprotected  lights  are  used  in  mines  at  all  liable 
to  fire-damp. 

Table  II. — Comparisons  of  the  Ratios  of  Separate  Fatal  Accidents  ix  and 
ABorT  THE  Mines  of  Great  Britain*  and  Ireland,  under  the  Coal-mines 
Reijulation  Acts. 


PERIODS. 

Explosions 
of  Fire- 
damp or 

Coal-duEt. 

Falls  of 

Side  and 

Roof. 

.Shafts. 

iCscel- 
laneous 
Under- 
ground. 

On 

Sui-face. 

Total. 

Accidents 

per 
l.OOO.OCO 
Tons  of 

Mineral 
Raided. 

1. 

— 1851-1S55  ... 

0-40 

1-53 

0-89 

0-.S9 

0-19 

3-40 

13-41* 

6. 

-1895- 1S99 

0-02 

0-61 

009 

0-33 

0-16 

1-21 

3-98 

Percentage 

4-95 

39-47 

8-98 

S6-84 

84-20 

35-68 

29-72 

2. 

-1S60-1S64  ... 

0-20 

1-35 

0-48 

0-41 

0-20 

2-64 

S-89* 

6. 

-1895-1899  ... 

0  02 

0-61 

0-09 

0-33 

0-16 

1-21 

3-98 

Percentage 

10-00 

46-15 

16-60 

80-48 

84-21 

45-83 

44-77 

3. 

—1870-1874  ... 

0-12 

0-9S 

0-30 

0-42 

0-19 

2-01 

6-93 

6. 

-1895-1899  ... 

0-02 

0-61 

0-09 

0-33 

0-16 

1-21 

3-98 

Percentage 

18-18 

61-32 

•26-66 

78-57 

88-80 

6019 

57-36 

On  comparing  the  ratios  of  deaths,  per  thousand  workers  em- 
ployed underground,  of  the  earlier  with  the  later  period,  it  will  be 
recognized  that  a  great  improvement  has  been  effected,  especially 
when  the  large  increase  in  the  number  of  persons  employed  is 
considered.  The  number  of  the  deaths  from  explosions  during  the 
Ipst  period  was  only  9  per  cent,  of  the  number  occurring  in  the  first 
period,  and  consequently  91  per  cent,  of  the  loss  of  life  in  the 
earlier  period  had  been  saved. 

In  the  first  period,  there  were  350  accidents  per  annum  arising 
from  falls  of  side  and  roof,  causing  368  deaths  :  and  in  the  last 
period  there  were  425  accidents  causing  439  deaths.  But  the 
great  increase  in  the  number  of  persons  employed  considerably 
affects  this  apparent  increase :  the  ratio  per  thousand  workers  in 
the  first  period  was  1'61  deaths  ;  in  the  last  period,  th<^re  was  only 
0*62  death  per  thousand,  and  the  loss  of  life  in  the  latter  was  38"7 
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per  cent,  of  tlie  former  period,  a  reduction  or  saving  of  life  of  61-3 

per  cent. 

From  1851  to  1855,  there  were  204  accidents  per  annum  in 
shafts,  causing  236  deaths ;  and  from  1895  to  1899,  62  accidents 
causing  71  deaths,  a  saving  of  life  amounting  to  90-3  per  cent.  This 
improvement  has  often  been  discussed,  and  it  is  wellknown  that  it 
has  been  brought  about  by  providing  efficient  appliances,  engines, 
ropes,  cages  and  guides,  but  the  human  element  remains  with  its 
liability  to  err,  and,  notwithstanding  the  fact  that  so  few  accidents 
arise  from  mistakes  of  the  engineman  (proof  of  the  care  taken  in 
selecting  competent  men  and  further  proving  the  great  care  taken 
by  the  men  in  charge  of  the  engines)  it  is  very  generally  recogni/ed 
that  the  engineman  should  have  every  aid  that  mechanical  skill 
can  devise.  It  is  also  generally  recognized  that  the  use  of  inter- 
mediary- insets  in  the  shafts  and  hanging-on  places  requires  the 
use  of  clear  codes  of  signals  and  elaborate  fencing,  but  even  where 
such  precautions  exist,  the  liability  to  accident,  and  the  costliness 
of  labour  and  hindrance  of  the  output  of  coal,  should  cause  their 
use  to  be,  as  much  as  possible,  limited. 

T.4BLE  IV.— Comparisons  of  the  Ratios  of  Deaths  from  Differe'n't  Causes  of 
Accidents  in  and  about  the  Mines  of  Great  Britain  and  Ireland, 
UNDER  the  Coal-mines  Regulation  Acts. 


Periods. 

Explosions 

of  Fire- 
damp and 
Coal-dust. 

Falls  of 

Side  and 

Roof. 

Shafts. 

Miscel- 
laneous 
Under- 
ground. 

On 

Surface. 

Total. 

Deaths 
per 

1.003,000 
Tons  of 
Mineral 
Raifed. 

!  1.  — 1851-1855  ... 

1-00 

1-61 

1-03 

0-44 

0-21 

4-29 

16-92* 

6.— 1895-1899  ... 

0-09 

0-62 

oil 

0-.S8 

0-lfi 

1-36 

4-48 

Percentage 

9  0 

38-7 

9-7 

86-3 

80-0 

31-7 

26-4 

1  2.— 1860-1S64  ... 

0-64 

1-40 

0-56 

0-60 

0-20 

3-40 

11-45* 

|6.— 1895-1899  ... 

0-09 

0-62 

Oil 

0-38 

016 

1-36 

4-48 

Percentage 

14-7 

44-5 

19-4 

e4-i 

82-5 

40  0 

.39-1 

1  3.— 1870-1874  ... 

0-40 

I -01 

0-33 

0-46 

0-19 

2-39 

8-23 

!  6.-189.5-1899  ... 

0-09 

0-62 

0-11 

0-38 

016 

1-36 

4-48 

Percentage 

23  vS 

62-3 

32-1 

83-3 

85-4 

56-9 

54-4* 

*  Coal  alone. 


There  were  88  miscellaneous  underground  accidents  per  annum 
from  1851  to  1855  causing  101  deaths ;  and  from  1895  to  1899, 
there  were  235  accidents  per  annum  causing  271  deaths.  The 
ratio  standard  shews  0*44  death  per  thousand  persons  employed  for 
the  former  and  0*38  death  for  the  latter  period,  an  improvement  of 
only  13"T  per  cent.     It  is  therefore  probable  that  any  reduction 


PEESIDEXTIAL    ADDEESS.  iV 

■under  tliis  head  would  require  the  more  genei^al  use  of  safety- 
appliances  and  safety  methods  in  connection  with  the  haulage  of 
the  tubs,  and  self-acting  inclines.  In  the  earlier  period,  a  great 
proportion  of  these  accidents  occurred  to  horse-drivers  and  those 
concerned  in  the  moving  of  tubs,  and  now  -a  large  proportion  of  the 
accidents  occur  to  those  engaged  on  the  haulage-roads  and  in  the 
drawing  of  the  coal-tubs. 

The  accidents  on  the  surface  call  for  little  observation,  as  they 
have  almost  kept  pace  with  the  increase  in  the  number  of  work- 
people employed. 

The  total  number  of  accidents  per  annum  from  1S51  to  1855 
averaged  780,  causing  985  deaths ;  and  from  1895  to  1S99  the 
number  of  accidents  averaged  856  and  the  deaths  964.  Con- 
sidered in  conjunction  with  the  increased  number  of  workpeople 
employed,  the  improvement  is  about  68"3  per  cent.  The  deaths 
per  million  tons  of  minerals  raised  are  16"92  and  4"48  respectively, 
shewing  an  improvement  of  73*6  per  cent. 

These  resiilts  prove  without  doubt  that  very  considerable  re- 
gard has  been  given  to  the  saving  of  life.  Owners,  who  have  done 
their  part,  mining-engineers,  much-abused  colliery-managers, 
and  intelligent  workers  in  mines,  may  surely  be  congratulated  on 
such  excellent  results.  These  results  should  stimulate  the  various 
agencies  for  adding  to  th.e  intelligence  of  those  employed  in  mines, 
and  they  should  receive  the  support  of  the  various  districts  in 
which  special  education  is  given. 

The  establishment  of  this  and  kindred  Institutes  is  then  justi- 
fied, and  the  chief  cause  of  their  fonnation,  "  prevention  of  acci- 
dents," has  borne  good  fruit. 

Mr.  G.  A.  Mitchell,  in  his  presidential  address  to  The  Insti- 
tution of  Mining  Engineers,  stated  that  ''  the  influence  of  inspec- 
tors of  mines  was  very  great  indeed  during  the  early  period  when 
they  were  first  appointed.  They  were  men  of  intelligence  and 
experience."* 

It  may  be  further  stated  that  legislation  brings  the  laggard, 
the  careless  and  the  indifferent  into  line. 

I  now  desire  to  direct  your  attention  to  Table  T.  which  shows 
the  total  mimber  of  lives  lost  from  1851  to  1899.  The  striking 
feature  is  the  loss  of  life  from  falls  of  roof  and  side  (21,012  lives 

*   Tran-i.  Li.-<(.  M.E.,  1S96,  vol   xi.,  page  250. 


80 


PRESIDEXTIAL    ADDRESS. 


lost)  more  thau  double  the  loss  from  explosions  and  forming  41 
per  cent,  of  the  total  loss  of  life. 

Sir  Lindsay  ^Vood  in  his  presidential  address  to  The  Institu- 
tion of  Mining  Engineers  remarked  that  "  however  great  and  satis- 
factory this  saving  of  life  may  be,  there  is  still  ample  scope  for  a 
further  large  reduction  of  the  number  of  deaths  which  still  take 
place  in  our  mines."*  Possibly  Sir  Lindsay  Wood  had  in  view 
the  loss  of  life  from  falls  of  ground. 

Table  V. — Classification  of  the  Separate  Fatal  Accident.^  and  Deaths 

IN"   AND   AbOCT   the   MiXES   OF   GrEAT   BRITAIN    AND   IRELAND,  TNDER  THE 
CoALOriNES   RECrLATION   ACTS,    FROM    1851    TO    1899,    iNCLrSIVE. 


Classification. 


Explosions  of   Fire-damp  or 

Coal-clust  ... 
Falls  of  Side  and  Roof 

Shafts 

Miscellaneous  Underground 
On  Surface 


Accidents. 

Deaths. 

No.                   Per  Cent. 

No. 

Per  Cent. 

•2,5fl0                  6--t-2 

I0,o:u 

19-57 

19,978                49-54 

21,012 

41-02 

6,5-29                KM  9 

6,618 

12-91 

7,640                18-94 

9,517 

18-57 

.S..585                  8-91 

4.067 

7-93 

Totals 


40,3-22 


100-00 


51,248 


100-00 


The  great  reduction  in  the  loss  of  life  from  explosions  may  be 
ascribed  to  better  ventilation,  safer  lamps  or  safer  lighting,  the 
use  of  safer  explosives,  and  the  recognition  of  the  danger  of  coal- 
diist.  There  can  be  no  doubt  that  greater  improvements  have 
been  made  in  ventilation  than  in  any  branch  of  mining.  In  1852. 
Mr.  Charles  Morton  said  that  '"  the  state  of  subterranean  ventila- 
tion in  my  district  varies  with  the  physical  conditions  of  the  strata, 
the  pecuniary  circumstances  of  the  lessees,  and  the  scientific 
attainments  of  the  managers.  In  some  of  the  collieries  ventila- 
tion is  fortuitous,  correct  principles  and  practices  are  not  under- 
stood, and  the  air-currents  are  impelled  by  natural  agencies  only ; 
while,  in  a  few  others,  skill  and  capital  have  already  created  a 
moderate  degree  of  artificial  ventilation,  and  are  daily  improving 
and  augmenting  it.  Generally  speaking,  however,  this  depart- 
ment of  mining  is  not  in  a  satisfactoiy  condition  in  the  Yorkshire 
and  Midland  counties  coal-fields. '"f 

In  1854,  Mr.  Herbert  Mackworth  said  that  "  the  subject  which 
has  borne  a  prominent  place  in  my  previous  reports,  and  which 

*    Tram.  In.ft.  M.E.,  1897,  vol.  xiii.,  page  437. 

t  Coal-mines:    ReporU   of    Messrs.    Dunn,    Dickin-'ion,     Morton,    Lancaster, 
Wynne  and  Muchrorth,  II.  .V.  In-s^pecfors  of  CoaJ. mines,  1854,  page  88. 
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every  year's  experience  and  all  statistical  inquiries  raise  into 
higher  importance,  is  the  excessive  mortality  of  miners,  in  conse- 
quence of  the  foul  and  stagnant  atmosphere  in  which  they  work. 
.  .  .  .  At  age  20,  miners  experience  an  average  sickness  of 
46  per  cent,  more  than  the  general  class ;  at  age  30,  they  have  70 
per  cent.  .  .  .  Some  current  of  air  must  pass  through  the 
mine,  as  otherwise  labour  would  stop  from  the  lights  ceasing  to 
burn."* 

Dr.  Ogle  in  his  evidence  before  the  Eoyal  Commission  on 
Labour  on  October  27th,  1892,  said  that  ''  excluding  accidents, 
.  the  mortality  of  coal-miners  only  slightly  exceeds  that  of  the  most 
healthy  class  of  men — the  agriculturists ;  and  mining,  now, 
instead  of  being  as  it  was,  one  of  the  most  unhealthy  of  occupa- 
tions, is  one  of  the  most  healthy." 

The  use  of  safer  lamps  and  safer  explosives,  together  with  the 
recognition  of  the  danger  of  coal-dust,  are  now  dealt  with  by 
special  regulations,  and  are  not  left  to  anyone's  discretion.  So 
also,  where  support  is  required  for  under-mined  coal,  the  distance 
is  fixed  so  that  the  supports  are  spaced  not  exceeding  that  distance 
apart. 

For  50  years,  we  have  relied  upon  the  discretion  of  the  miner 
and  the  judgment  of  the  fireman,  for  the  safe  supporting  of  the 
roofs  of  the  working-places ;  but  many  mining-engineers  now 
think  that  the  discretion  of  the  miner  and  the  judgment  of  the 
fireman  have  reached  their  utmost  limit,  and  that  they  cannot  be 
further  relied  upon  to  reduce  the  number  of  fatalities  from  falls  of 
roof. 

The  enforcement  of  a  maximum  distance  at  which  the  supports 
to  the  roofs  of  the  working-places  shall  be  fixed,  in  the  seams  or 
the  districts  of  the  seams,  has  this  striking  advantage,  that  immedi- 
ately there  is  room,  the  support  is  required  and  must  be  set.  There 
will  no  longer  be  the  delay  which  now  exists.  The  workman  says 
"  I  will  fill  another  tub  "  or  "  I  will  get  this  coal  off  and  then 
set  the  prop,"  but  unfortunately  the  fatal  fall  intervenes  and  takes 
away  the  opportunity.  This  is  not  the  place,  nor  am  I  at  present 
disposed  to  enter  upon  the  question  of  the  Courrieres  system  of 
timbering,  but  the  managing  director  of  these  mines  emphatically 
stated  that  tke  first  marked  reduction  in  their  fatalities  from  falls 
of  roof  was  brought  about  by  stopping  the  delay  in  setting  the 
required  supports. 

*  Coal-mines:  Reports  of  Messrs.  Dunn,  Dkhinton,  Morton,  WiUiams.  Wijime 
and  Mack-worth,  H.M.  Inspectors  of  Coal-mines,  1855,  page  116. 
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The  collier  soon  finds  out  the  meaning  of  a  fixed  maximum 
distance  :  I  was  told  of  a  case  where  on  being  asked  "  AVhat  is  your 
distance  apart  for  props  ?"  the  collier  replied,  "  4  feet  and  under." 
showing  that  he  clearly  recognized  the  meaning  of  maximum  dis- 
tance. 

Tables  TI.  and  YII.,  and  YIII.  and  IX.  have  been  prepared 
t-o  show  the  history  of  mining  accidents  in  the  Yorkshii'e 
district.  It  would  be  labouring  the  question  and  wearisome 
to  the  members  to  state  more  than  that  these  tables  show  the 
same  marked  improvement  as  that  clearly  shown  by  those  for 
the  United  Kingdom.  Last  year,  the  Yorkshire  district  occupied 
the  enviable  position  of  having  the  lowest  death-rate  from  falls  of 
ground,  namely  0'48  per  thousand  workers,  the  highest  being  0'98 
per  thousand  workers. 

Table  VII. — Compakisoss  of  the  R.\tios  of  Separate  Fatal  Accidents  ix  and 

ABOUT   THE   MiXES   OF   THE    YOKKSHHtE   MiXES-rNSPECTION    DISTRICT,  UNDER 

THE  Coal-mines  Regulation  Acts. 


1           Periods. 

Explosions 
of  Fire- 
damp or 

Coal-dust. 

Falls  of 

Side  and 

Roof. 

Shafts. 

Miscel- 
laneous 
Under- 
ground. 

On 
Surface. 

Total. 

Accidents 

i.ooolooo 

Tons  of 
Mineral 
Raised. 

:  2a.— 1864 

0-11 

0-7S 

0-43 

0-09 

0-06 

1-47 

5-48* 

6.— 1895-1899  ... 

0-01 

0-46 

0-05 

0-26 

0-17 

0-95 

3-43 

Pei'centage 

13-6 

58-3 

11-6 

300-0 

294  0 

64-5 

62-5 

j 

3.-1870-1874  ... 

016 

0-9-2 

0-26 

0-31 

0-19 

1-84 

6-47     ' 

6.— 1895-1899  ... 

0-01 

0-46 

0-05 

0-26 

017 

0-95 

3-43 

Percentage 

9-4 

49-6 

19-3 

83-6 

88-1 

52-1 

530 

The  Output  of  Coal. 

Beginning  with  the  first  year  of  coal-mines  inspection,  and 
noting  the  probable  incompleteness  of  the  voluntary  returns,  dur- 
ing the  first  period  of  5  years,  production  was  probably  at  the  rate 
of  58,222,894  tons  of  coal  per  annum,  wiili  an  output  of  253"7  tons 
per  person  employed  aboveground  and  belowground.  During  the 
last  period,  from  1895  to  1899,  the  average  annual  output  of  all 
minerals  under  the  Coal-mines  Regulation  Act,  was  214,773,656 
tons,  and  304*7  tons  per  person  employed  aboveground  and  below- 
ground.  The,  highest  output  appears  to  have  been  attained  during 
the  period  from  1889  to  1884,  when  the  output  per  person  employed 
aboveground  and  belowground  was  339  4  tons,  and  per  person 
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euiploved  imdergioimd.  4201  tous.  Last  rear,  the  output  per 
persou  employed  abovegrouud  aud  belowground  was  320  tons,  and 
underground  400  tons  (Table  X.). 

Table  IX.  —Comparisons  of  the  Ratios  of  Deaths  FRo^t  Different  Causes  of 
Accidents  in  and  about  the  Mines  of  the  Yorkshire  Mines-inspection 
District,  under  the  Coal-mines  Regulation  Acts. 


Table  X.  —Shewing  the  Average  Output  of  Coal,  etc.  ;  Average  Number 
OF  Persons  Employed  Underground  ;  Average  Output  Per  Person 
Employed  Underground  :  Average  Xumber  of  Persons  Employed 
Aboveground  and  Underground  ;  and  the  Average  Output  Per 
Person  so  Employ-ed.  from  1851  to  1899,  in  Alternate  Quinquennial 
Periods,  for  Great  Britain  and  Ireland. 


Number  of 

Mioeral  raised 

No.  of  Per- 

Mineral raised 

Persons  Em- 

per annum 

sons  Employed 

per  Person  Em- 

Pebiods. 

Mineral  raised 

ployed  I  nder- 

per  Person 

Aboveground 

ployed  Above- 

p^r  aunum. 

giound  per 

Employed 

aud  I  nder- 

ground and 

annum. 

L  nderground. 

ground  per 
annum. 

Undergroand 
per  annum. 

Tons. 

Tons. 

Tons. 

1.-1851-1855 

5S,-22-2,894* 

•] 

y 

229,468 

253-7 

•2.  — 1860-1864 

86,6-27,076* 

7 

? 

•291,172 

•297^5 

3.-1870-1874 

127,492,781 

? 

r 

438,568 

290-7 

4.— 1880-1884 

171,079,381 

407,177 

420-1 

503,941 

339-4 

5.— 1S90-1894 

191,789,652 

542,326 

3.53-6 

674,450 

284-3 

6.— 1895-1899 

214,773,656 

566,020 

379-4 

704,816 

304-7 

6a. -1899 

2.53,319,084 

5S3,00'J 

400-0 

729,009 

3-20-0 

COMPARIS 

ON    OF    DiFF 

ERENT  Per 

iods. 

1.— 1851-1855 

58,222,894* 

■-, 

■-, 

•2-29.468 

•253-7       . 

6.— 1895-1899 

214,773,656 

566,020 

379-4 

704,816 

304-7 

Increase           ^ 

368 

9 

307 

120 

per  cent.       1 

1 

NoT.v  Bene.— From  1851  to  1864,  the  particulars  are  taken  from  Hunt's  iliittra'  Si-^'htict;  and 
subsequent  to  186t  from  the  Reports  of  H.M.  Inspectors  of  Mines.  The  minerals  raised  include  coal 
only  prior  to  1862  ;  subsequent  to  1862.  and  up  to  1871,  coal  and  coal-measures  ironstone;  and  subsequent  to 
1872,  all  the  minerals  from  mines  under  the  Coal-mine.-5  Regulation  Acts.  After  1890,  the  persons  employed 
aboveground  aud  underground  include  those  employed  on  branch  railways,  and  those  engaged  in  coking 
and  wa.shing  coal,  numbering  19,147  persons  in  1890. 

Coal  alone. 

Table  XI.  shews  the  output  of  coal,  etc.,  in  the  Yorkshire 
mines-inspection  district  from  1851. 
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If  vre  consider  the  factors  attectiiig  the  output  per  person  em- 
ployed, these  results  are  not  unsatisfactory.  Primarily,  the  state 
of  trade,  increasing  the  number  of  days  worked  per  annum :  the 
hours  worked  per  day ;  the  profitableness  of  the  labour  or  amount  of 
earnings,  as  men  iuA^ariably  work  less  as  their  earnings 
increase ;  the  influx  of  less  skilled  labour ;  and  the  thickness  of 
the  seams  or  rather  the  thinness  of  the  seams,  will  also  affect  the 
output. 

Table  XI. — Showing  the  Average  Output  of  Coal,  etc.  ;  Averagr 
Number  of  Per-son^s  Employed  U.vderc;rouxd  ;  Average  Output  Per 
Person  Employed  Underground  ;  Average  Nu:\iber  of  Persons 
Employed  Aboveground  and  Underground  ;  and  the  Average 
Output  Per  Person  so  Employ'ed,  from  1851  to  1899,  in  Alternate 
Quinquennial  Periods,  fob  the  Yorkshire  Mines-inspection  District. 


Number  of 

Mineral  raised 

No.  of  Per- 

Mineral raised 

Persons  Em- 

per annum 

sons  Employed 

per  Person  Em- 

Periods. 

Mineral  raised 

ployed  Under- 

per Person 

Aboveground 

ployed  Above- 

per  annum. 

ground  per 

Employed 

.   and  I  nder- 

ground  and 

annum. 

Underground. 

ground  per 

t  nderground 

annum. 

per  annum. 

Tons. 

Tons. 

Tons. 

1.-1851 

6,750,000 

•> 

^ 

23,500 

287-2 

2.-1860-1864 

9,141,600 

•> 

? 

■? 

1 

'  2a.— 1864 

9,300,000 

1 

V 

34,500 

•269-5 

3.-1870-1874 

13,990,810 

'1 

•> 

49,279 

283-9 

3a.— 1874 

15,266,698 

49,735 

.W6-9 

62,580 

243-9 

4.— 1880-1884 

19, 142, -229 

49,941 

.383-2 

62.102 

308-2 

5.— 1890-1894 

22,039,056 

69,662 

316-3 

86,582 

254-5 

,  6.-1895-1899 

25,290,940 

■  72,. 584 

348-4 

91,008 

277-8 

1  6a. -1899 

1 

27,583,493 

74,855 

368-0 

95,140 

289-9 

1   . 

COMPAR 

ISON     OF     I 

)irFERENT 

Periods. 

1.— 1851 

6,750,000 

V 

9 

23.500 

-287-2 

6.— 1895-1899 

25,290,940 

72,584 

348-4 

91,008 

•277-8 

Increase 

374 

9 

V 

387 

Decrease 

per  cent. 

Some  of  my  colleagues  have  taken  a  great  amount  of  trouble, 
and  have  very  kindly  enabled  me  to  shew  to  what  extent  the 
thinner  seams  are  now  being  worked.  Table  XII.  shows  the  quan- 
tity of  coal  produced  from  seams  of  3  feet  and  under  in  thickness. 
It  will  be  seen  that  nearly  39  million  tons  of  coal  were  so  obtained 
during  1899,  and  this  amount  forms  lT"6o  per  cent,  of  the  total 
production  of  coal  (220,085,368  tons)  in  the  United  Kingdom.  The 
mines-inspection  district  from  which  the  largest  tonnage  was 
obtained  being  Durham. 

The  eft'ect  of  the  working  of  thinner  seams  of  coal  upon  the 
output  per  person  employed  underground  is  clearly  shown  by  Table 
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XIII.,  containing  the  results  obtained  from  the  working  of  thin 
seams  in  one  of  the  mines-inspection  districts ;  and  also  by  Table 
XIT.,  containing  the  results  kindly  supplied  to  me  for  several 
other  districts.  The  average  output  throughout  the  United  King- 
dom during  1899  was  400  tons  per  person  employed  underground. 

Table    XII. — Estimated    Quantity    of   Co.\l    Obtaised    from    Seams   of   3 
Feet  and  Under  in  Thickness. 


ilines-inspection 
District. 

Tons. 

East    Scotland 

3,971,570 

West  Scotland 

4,604,600 

Newcastle-upon-TjTie 
Durham 

Yorkshire      

Manchester... 

4,406,580 
8,135,-261 
5,188,000 
3,053,307 

Liverpool      

Midland        

2,572,776 
1,067,000 

North  StafFordshu-e 

481,759 

South  Staffordshu-e 
South- Western 

50,000* 
.        3,472,730 

South  Wales 

Total     

Estimated  quantity. 

1,898,142 

.       38,901,7-25 

- 

Table    XIII. — Shewing    the    PRODrcTioN  of   Coal  from   Seams   under  36- 
Inches  in  Thickness  in  a  Mines-inspection  District. 


Thicknesses  of  Seams. 

Coal. 

Output  of   Coal   per 

Person  Employed 

Vnderground. 

12  Inches  and  under 
Over  12  Inches  and  up  to  18  Inches   .  . 
Over  18  Inches  and  up  to  24  Inches   ... 
Over  24  Inches  and  up  to  30  Inches    . . . 
Over  30  Inches  and  np  to  36  Inches    . . . 

Total     

Tons. 
14,939 
•277,093 
568,684 
736,194 
1,456,397 

Tons.                  1 

177 -S 

•269-4 

315-2 

344-5              ; 

S90-2 

3,053,307 

The  highest  output  concerning  which  I  have  been  able  to 
obtain  information  shows  the  following  magnificent  result :  — 896 
persons  employed  underground  produced  680,000  tons  per  annum, 
or  758-9  tons  per  person  employed  underground,  from  a  seam  5  feet 
3  inches  thick. 

The  enormous  increase  in  the  production  of  coal,  bearing  as  it 
does  on  the  probable  duration  of  our  coal-supply,  has  led  to  much 
speculation,  and  many  have  been  the  prophecies  and  estimates  as 
to  its  probable  duration.     The  proved  inaccuracy  of  many  of  these 
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estimates  should  lead  to  greater  care  being  taken  in  estimating  the 
amount  of  available  coal  and  its  probable  duration.  It  is  certain 
that  further  discoveries  of  extensions  of  our  coal-fields  will  be 
made.  The  immense  amount  of  coal  proved  by  the  borings  to  the 
east  of  Doncaster  is  only  one  illustration,  and  many  could  be 
given.  In  south-west  Lancashire,  the  time  is  fast  approaching 
when  the  extension  of  that  coal-field  under  the  Xew  Red  Sand- 
stone and  Permian  Measures  will  be  proved.  The  results  of  two  of 
the  bore-holes  made  in  Kent  prove  that  a  coal-field  exists  there  : 
ii  may  be  a  small,  or  a  series  of  small,  coal-fields.  Undoubtedly, 
however,  large  expenditure  of  capital  and  the  utmost  skill  will  be 
required  to  win  the  Kentish  coal. 

Table  XIV.  — She\vi>-g  the  Prodcction  of  Coal  from  Seams  ryoER  36  Inches 
IN  Thickness  in  other  Mines-inspection  Districts. 


Thicknesses  of  Seams. 

Underground.                                                                    Undetground. 

luches 
13  to  26 
15  to  28 
24  to  36 
26 

Tons.                                  Tons. 
2,378                          700,128                        294-4 
1,344                          389,664                        289-9 
65U                           288,000                         443-0* 
45                            21,600                        480-0* 

The  collier  is  wholly  employed  in  hewing  coal. 


Table  XV.  — Shewing  the  Costs  of  Working  Seams  less  than  3  Feet  Thick 
in  Great  Britain. 


Thicknesses    of 
Seams. 

Output  of  Coal 

per    Collier 

per  day. 

Price  per  ton 
paid  to  Collier. 

Cost  of  Under- 
ground Wages. 

L  Series- 

lucbes. 

Up  to   12 

12  to   IS 

Tons 
0-5   to   1-7 
1  -0  to  2-5 

s.     d.          s.      d. 
4    0  to  7     6 
:.    0  to  5    0 

s.     d.         s.      d. 
7     0  to  9    6 
3     4  to  7     6 

1^  to  -24 

1-2  to  2-5 

2  11  to  3  11 

3    9  to  6    4 

-24  to  30 

1-.:.  to  3-2 

2     2  to  4     1 

3    6  to  5    6 

30  to  36 

2-0  to  3-2 

2     7  to  3  10 

3     6  to  5    6 

XL  Series*— 

l:S  to  36 

1-5  to  4-5 

1     6  to  4     4 

2     7  to  5     8 

III.    SERIESf — 

-24  to  36 

3-0  to  4-0 

1     0  to  1   10 

:•!     4  to  3     7 

IV.     SERIES+  — 

18  to  28 

2-0  to  3-9 

1     1  to  2     0 

5     3  to  .3  10 

I 

*  In  this  series,  the  lowest  output  of  15  tons  of  coal  is  wrought  from  a  eeam  17  inches  thick, 
and  the  highest  of  45  tons  from  a  seam  26  inches  thick.  In  one  instance,  35  tons  j.er  man  is  worked 
from  a  .=!eam  13  inches  thick,  whereas  in  a  seam  30  inches  thick  only  IBo  tons  was  obtained  per  coUier 

t  In  this  series,  the  output  per  collier  per  day  varies  with  the  thickness,  being  3  tons  in  a  J4 
inches  seam,  and  4  tons  in  a  36  inches  seam.  In  this  series,  the  colUer  is  solely  employed  in  geftmg 
coal,  having  no  other  labour  to  perform.  It  is  noteworthy  that  the  highest  output  per  colUer  pet  day  is 
obtained  from  this  series.  _  „.  ,         ,  ,,.  ...     „ 

:  In  this  series,  two  thin  seams.  18  inches  thick,  proauce  SBo  ton.s  of  coal  per  collier,  nnile  a 
seam  27  inches  thick  only  yields  25  tons. 

To  prolong  the  duration  of  our  coal-supply  by  the  imposition  of 
duties  on  exported  coal,  is  a  very  doubtful  solution  of  the  question, 
and  manv  difficulties  arise  during  its  consideration. 


Cost  of  Under- 
ground Wages. 
s.      d. 

6 

11 

6 

6 

6 

■2 

5 

0 
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It  is  certain  that  the  working  of  our  thinner  seams  and  of  our 
ileeper  seams  will  be  considerably  extended.  It  is  recognized  that 
the  thinner  seams  will  be  more  expensive  to  work,  and  this  is 
shown  by  the  results  recorded  in  Table  XT.,  supplied  from  actual 
working  collieries. 

Thin  seams  are  extensively  worked  on  the  Continent,  and  in  the 
Pas-de-Calais  (France),  and  notwithstanding  the  high  wages  now 
prevailing,  the  cost  of  working  a  ton  of  coal  at  a  properly  managed 
colliery,  including  general  expenses,  interest,  and  sinking  fund 
upon  the  capital  employed,  varies  from  5s.  in  a  seam  4  feet  thick 
to  Ts.  in  a  seam  2  feet  thick,  as  recorded  in  Table  XYI. 

Table  XVI.  — Shewixg  the  Costs  of  Workixi;  Seams  less  than  47  ln'ches 
Thick  in  the  Pas -de -Gala  is,  Fraxc<-:. 

Thicknesses 

of  Seams. 

Inches. 

2.3  to  26 

29  

31  

47  

""  The  cost  of  timbering  averages  6jd.  per  ton. 

After  careful  examination  of  the  results  obtained  from  the 
working  of  thin  seams  in  this  country,  it  may  be  stated  generally 
that  actual  trial  is  necessary  to  ascertain  whether  or  not  a  given 
seam  can  be  profitably  worked.  Profitable  results  have  been 
obtained  from  working  a  seam  20  inches  thick,  dipping  1  in  3|,  at 
a  depth  of  2,100  feet  below  the  surface.  In  another  case,  a  seam, 
also  20  inches  thick,  is  of  such  excellent  quality  and  so  easily 
worked,  that  there  is  no  difficulty  in  obtaining  a  supply  of  men,  and 
there  is  a  constant  demand  in  the  market  for  the  coal. 

It  has  been  repeatedly  stated  that  the  cost  of  working  thin 
seams  will  be  considerably  reduced  by  the  introduction  of  coal- 
cutting  machinery.  Some  of  my  colleagues  have,  at  infinite 
trouble,  enabled  me  to  obtain  a  census  of  the  number  of  coal-cut- 
ting machines  at  work  in  each  of  the  mines-inspection  districts 
of  this  country  during  the  year  1899.  The  results  are  summarized 
in  Table  XYIL,  which  shows  that  more  machines  are  at  work  in 
the  Yorkshire  than  in  any  other  district.  There  are  83  machines 
working  in  Yorkshire,  of  which  81  are  disc-machines  and  2  bar- 
machines.     The  estimated  quantity  of  coal,  cut  by  25-1  machines 
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in  1899,  was  3,538,408  tons  or  1-6  per  cent,  of  the  total  production 
of  220,085,368  tons. 

Ta}!Le  XVII. — Nttmber  of  CoAL-crTTiXG  Machines  at  Work  and  Estimated 
Prodxjotion  of  Coal  in  the  Several  Mines-inspection  Districts. 


Maeliiues  are  now  at  work  tliat  liave  been  working  in  the  same 
seam  for  the  past  10  years,  and  others  for  8  years,  6  years,  etc.  It  is 
evident  that  machinery  can  be  applied  to  the  working  of  certain 
seams ;  and  further  the  machine  must  be  made  to  suit  the  seam,  as 
one  cannot  expect  that  a  machine  will  work  under  varying  con- 
ditions in  any  seam.  Many  proofs  have  been  submitted  to  me 
showing  that  excellent  results  are  being  obtained,  including 
increased  output,  increased  percentages  of  large  coal,  reduced  costs 
of  production,  and  increased  earnings  by  the  workers.  One  min- 
ing-engineer states  that  the  daily  earnings  which  by  hand-labour 
amounted  to,  7s.  per  day,  had  been  increased  by  the  use  of  machines 
to  9s.  per  day,  and  the  production  of  coal  increased  from  2  tons  IT 
cwts.  to  5  tons  13  cwts. ;  and  that  500,000  tons  of  coal  were  got 
by  machine  and  369,000  tons  by  hand,  per  reported  accident.  * 

It  is  stated  that  if  electricians  would  grapple  with  and  over- 
come the  question  of  danger,  which  many  engineers  associate  with 
the  use  of  electric  coal-cutters  at  the  working-faces,  there  would 
be  a  marked  increase  in  their  use.  It  is  unfortunate  that  the 
question  of  safety  cannot  be  satisfactorily  settled.  Some  engineers 
say  that  electric  sparks  will  ignite  gas,  while  others  allege  the  con- 
trary.      Some  allege  that  an  air-and-gas-tight  cover  may  be  de- 
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pended  upon  to  prevent  ignition  ;  and  others  say  that  however  tight 
the  cover  may  be  before  commencing  work,  the  vibration  of  the 
machine  when  running  tends  to  destroy  the  seal.  Polyphase  cur- 
rent is  held  by  some  to  be  the  perfect  remedy,  but  others  doubt  it. 
In  the  past  it  has  oftentimes  required  a  disaster  to  establish  the 
necessity  for  precautions,  and  it  would  be  lamentable  to  await 
such  a  proof  in  the  case  of  electric  motors. 

Although  the  conditions  are  vastly  diiferent  from  those  pre- 
vailing in  this  country,  it  is  interesting  to  notice  what  is  being  done 
in  the  United  States  of  America.  Mr.  Parker,  statistician  of  the 
r.S.  Geological  Survey  reports  that  in  1899,  43,963,933  tons  of  coal 
(23  per  cent,  of  the  total  production)  were  cut  by  3,125  machines. 
In  1896,  only  1,146  machines  were  at  work,  producing  16,424,932 
tons  of  coal,  so  that  there  has  been  an  increase  of  168  per  cent, 
since  that  year. 

It  may  be  noted  that  Great  Britain  has  been  ousted  from  its 
premier  position,  and  the  United  States  of  North  America  now  pro- 
duce the  greatest  amount  of  coal  of  any  country  in  the  world, 
namely  226,500,000  tons.  In  1896,  the  production  of  the  States 
having  coal-cutting  machines  in  use  was  115,921,829  tons  ;  and 
in  1899,  the  production  was  191,144,218  tons,  an  increase  of  65 
per  cent.  Unquestionably  this  increased  production  was  largely 
due  to  the  increased  use  of  coal-cutting  machines. 

The  depth  at  which  coal  is  mined  is  increasing  and  the  working 
of  deeper  seams  is  becoming  more  general.  It  has  been  stated  that 
the  working  of  deep  seams  will  be  much  more  costly  than  shallow 
seams.  It  may  be  admitted  that  some  seams  will  show  a  higher 
cost  of  working,  but  others  may  be  worked  at  a  slightly  increased 
cost.  This  is  being  proved  by  the  working  of  a  seam,  20  inches 
thick  at  a  depth  of  2,100  feet  at  a  cost  varying  from  4s.  9d.  to  5s. 
per  ton  for  underground  wages ;  the  cost  of  timber  being  very  little 
more  than  Id.  a  ton. 

At  a  mine,  working  a  seam  about  30  inches  thick,  at  depths 
varying  from  ToO  feet  to  2,550  feet,  the  cost  of  timber  does  not 
exceed  3d.  per  ton,  and  the  total  amount  of  underground  wages  lies 
between  5s.  9d.  and  6s.  per  ton.  Very  little  more  timber  is  used 
in  the  deep  than  in  the  shallower  parts  of  the  mine. 

It  must  be  observed  that  these  details  of  costs  are  onlv  intended 
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to  convey  iuf  oriuatioii  to  those  competeat  to  receive  it,  tlie  ignorant 
shoxild  remember  that  the  costs  given  are  details  only,  and  do  not 
include  the  full  expense  of  raising  coal. 

In  working  a  seam  over  5  feet  thick  from  the  surface  down-  f| 
ward  to  a  depth  of  3,600  feet,  it  appeal's  to  be  necessary  to  rely 


upon  substantially  built  pack-walls,  supplemented  by  square 
wooden  chocks,  in  preference  to  timber  props  or  bars.  Fig.  1 
shows  the  arrangement  of  the  working-places,  and  the  position  of 
the  pack-walls.  The  working-places  are  driven  90  feet  wide,  and  if 
it  be  required  that  the  faces  should  advance  more  quickly,  owing 
to  a  heavy  roof,  then  the  width  should  be  reduced  to,  say,  60  feet. 
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Experience  of  the  working  of  several  deep  seams  lends  no  sup- 
port to  the  theory  advanced  that  increased  depth,  jjei-  se,  makes  a 
good  roof  into  a  bad  one.  If  the  form  of  the  working-places  be 
adapted  to  the  increased  depth,  there  can  be  no  great  difficulty  in 
sustaining  the  roof,  at  a  very  slight  increase  in  the  cost  of  support- 
ing it.  It  is  impossible  to  leave  other  than  temporary  coal  pillars 
at  depths  exceeding  3,000  feet.  The  coal  left  in  pillars  will  be 
crushed,  and  friction  developes  highly  increased  temperature  in 
the  working-places  adjacent  to  the  pillars. 

,  Table  XVIII.— Observations  of  the  Humidity  of  the  Air  ix  a  Dehp  Mixe. 


Time  on 

October 

22nd,  1900. 


p.ni. 

1.0 

1.35 

1.45 

2.0 

2.35 


Thermometere. 


Place. 


Dry 
BiUb. 


Wet 
Bulb. 


Elastic  '^I^'f^oVs^     Relative 

Force  of  v^^ur  n.r  Humidity  : 

Aqueous  CuWc  Foot'  Saturation, 

Vapour,  ^"of  ^°°*;  being  100.  \ 


Stirface 
Bottom  of  Downcast  Shaft 
3,610  feet  down  Engine-brow 
5,700         do.  do. 

Far  end  of  Workings,  3,600 
feet  below  the  Surface 


Degrees  Degree  s     Inches. 


64' 

71 

79 


91 


50 
58 
63 
70i 

81 


0-316 
0-403 
0-464 
0-607 

0-862 


Grains. 

3-55 
4-5 
5-1 
6-6 

9-0 


77 
65 
61 
61 

59 


It  has  been  stated  that  coal  won  at  high  temperatures  will  dis- 
integrate and  fall  to  small  pieces  after  exposure  to  the  lower  tem- 
perature of  the  surface ;  but  in  several  cases  brought  under  my 
own  observation,  coal  from  the  deepest  seams  is  stacked,  when 
necessary,  without  more  than  the  ordinary  falling  away  :  and  in 
the  working  of  the  coal  the  usual  percentages  of  round  coal  may  be 
obtained.  Another  statement  is  that  the  amount  of  work  capable 
of  being  performed  in  deep  seams  is  very  limited  ;  and  it  is  doubt- 
less true,  that  when  the  ventilation  is  permitted  to  become  stagnant 
the  men  work  sluggishly,  but  if  brisk  ventilation,  good  currents, 
be  maintained,  the  ordinary  amount  of  work  will  be  done.  I  saw 
recently,  a  man  almost  69  years  of  age,  at  3  p.m.,  after  working 
at  a  depth  of  3,600  feet  below  the  surface — he  was  iiale,  hearty, 
active,  and  showed  no  indication  of  undue  fatigue  or  exhaustion : 
and  he  told  me  that  he  had  worked  in  this  mine  from  1854,  at 
depths  varying  from  1,500  to  3,600  feet. 

It  will  probably  be  found  that  the  amount  of  humidity  in  the 
■underground  air  will  aifect  the  capacity  to  work.  The  observa- 
tions recorded  in  Table  XYIII.  were  taken  in  a  deep  mine,  and 
show  its  temperature  and  hygrometric  conditions.       The  highest 
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temperature  was  91°  Fahr.  near  a  working-face  and  in  a  return- 
airway  from  deeper  workings.  The  air  at  the  surface  had  a 
humidity  of  77  per  cent.,  and  at  the  far  end  of  the  workings,  of  59 
per  cent. :  the  load  of  aqueous  vapour  having  increased  from  3*55 
grains  to  9  grains  per  cubic  foot. 

There  is  no  profession  or  occupation  associated  with  so  many  of 
tne  sciences  as  that  of  the  mining  engineer,  or  in  which  the  field 
for  the  exercise  of  his  intelligence  is  so  constantly  being  enlarged. 
There  can  be  no  standing  still,  and  if  any  one  attempts  it,  he  is 
speedily  left  behind.  I  trust  that  the  Midland  Institute  of  Mining, 
Civil  and  Mechanical  Engineers  may  always  be  in  the  van  of  pro- 
gress, and  that  the  members  will  unite  in  the  carrying  forAvard  of 
its  banner,  so  that  next  year  and  for  very  many  .years  to  come  its 
present  position  shall  be  fully  maintained. 


Mr.  C.  E.  Rhodes,  in  proposing  a  vote  of  thanks,  said  that  the 
President  and  himself  started  their  professional  careers  some  30 
years  ago,  the  President  as  H.M.  inspector  of  mines  and  he  (Mr. 
Phodes)  as  a  colliery-manager.    Since  that  date,  the  difficulties  of 
colliery-management  had  been  considerably  increased.  The  Presi- 
<lent  had  also  probably  found  that  the  difficulties  in  connection, 
with  his  position  as  one  of  H.M.  inspectors  of  mines  had  also  in- 
creased, but  he  believed  that  the  President  had  received  increased 
assistance  from  colliery-managers.     He  ventured  to  say  that  no 
system  of  mines-inspection  could  bring  about  successful  results 
without  the  cordial  co-operation  of  H.M.  inspectors  of  mines  on 
the  one  hand  and  of  colliery-managers  on  the  other.       It  was 
absolutely  impossible  to  suppose  that,  if  one  of  H.M.  inspectors 
of  mines  went  to  a  colliery  in  a  draconic  way,  and  treated  the 
manager  as  his  subordinate,  mutual  confidence  would  ensue.     In 
this  district,  if  a  manager  had  been  in  difficulties,  H.M.  inspec- 
tors of  mines  had  endeavoured  to  help  him  to  solve  his  diffi-l 
culties,  and  to  adopt  measures  for  the  saving  of  life.     Mr.  Gerrard] 
had  left  the  Yorksliire  district  for  a  position  which  involved  a  vasti 
increase  in  responsibility,  and  it  was  a  great  compliment  to  the 
Midland  Institute  that  he  (the  President)  should  take  upon  himself] 
the  office  of  President,  and  endeavour  further  to  promote  the  inter- 
ests of  South  Yorkshire. 

He  hoped  that  the  President's  address  would  stimulate  the 
members  of  the  ^Midland  Institute  of  Mining,  Civil  and  Mechanical 


DISCUSSION PRESIDENTIAL    ADDRESS.  95 

Engineers.  A  neighbouring  institute  proposed  to  cliange  its 
name  and  become  tlie  Midland  Counties  Institution  of  Engineers. 
The  Institute  was  founded  to  improve  the  condition  of  miners  and 
mining,  and  there  should  be  no  jealousy  between  one  district  and 
another.  He  trusted  that  their  Institute  would  maintain  its  influ- 
ence ;  the  members  should  put  their  shoulders  to  the  wheel,  and 
there  would  soon  be  an  enlarged  membership  under  the  presidency 
of  Mr.  Gerrard,  whose  presence  would  be  a  rallying  point. 

The  President  stated  that  the  earlier  inspectors  of  mines  were 
men  of  vast  experience  and  practical  knowledge,  but  he  ventured 
to  say  that  their  President  had  equally  vast  experience  and  prac- 
tical knowledge.  He  was  glad  to  welcome  the  President  amongst 
them,  and  had  great  pleasure  in  proposing  a  cordial  vote  of  thanks 
to  the  President  for  his  address. 

Mr.  W.  E.  Chambers,  in  rising  to  second  the  proposal  of  a 
vote  of  thanks  to  the  President  for  his  admirable  address,  said  that 
the  members  were  greatly  honoured  by  Mr.  Gerrard  accepting  the 
presidencj*  and  maintaining  his  interest  in  the  Midland  Institute 
of  Mining,  Civil  and  Mechanical  Engineers.  Mr.  Gerrard  had 
many  and  multifarious  duties  connected  with  his  office  of  H.M. 
inspector  of  mines,  and  he  thought  that  the  address  which  had  been 
given  to  the  members  that  day,  showed  that  Mr.  Gerrard  was  well 
worthy  of  being  classed  with  the  earlier  inspectors  of  mines 
referred  to  in  his  address.  Xone  of  them  possessed  better  know- 
ledge and  greater  intimacy  with  mining  engineering,  or  had 
taken  greater  care  as  to  the  safety  and  proper  working  of  mines, 
than  their  President. 

The  vote  of  thanks  was  warmly  approved. 

The  President  (Mr.  John  Gerrard),  replying  to  the  vote  of  • 
thanks,  said  that  he  was  pleased  to  be  with  tliem.  He  would  do  his 
best  to  attend  all  their  meetings,  and  if  he  could  help  the  Midland 
Institute  or  its  members  in  any  way  he  should  be  amply  repaid. 


Mr.  AY.  AVashington  read  the  following  "  Notes  on  Sinking  to 
the  Parkgate  Seam  at  Mitchell  Main  Colliery  "  :  — 
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XOTES  OX  SIXKIXG  TO  THE  PARKGATE  SEA:\I 
AT  MITCHELL  MAIX  COLLIERY. 


By  W.   WASHIXGTOX. 


The  Mitch.ell  Main  Colliery  Company  having  decided  to  sink 
from  the  Barnsley  seam  to  the  Parkgate  seam,  it  was  arranged  that 
this  work  should  be  carried  out  without  in  any  way  interfering 
with  the  drawing  of  coal  from  the  Barnsley  seam. 

Downcast  Shaft. — The  downcast  and  drawing  shaft,  921  feet 
deep  to  the  Barnsley  seam,  was  considered  most  suitable  for  com- 
mencing the  sinking  operations. 

To  enable  the  bottom  of  the  sump  to  be  taken  out,  without  inter- 
fering with  the  drawing  of  coal,  it  was  necessary  to.  commence 
the  deepening  of  the  shaft  at  a  lower  level.  There  is  a  30  feet 
downthrow  fault  close  tathe  shaft,  and,  as  the  travelling- road  in 
the  Barnsley  seam  goes  down  this  fault,  a  drift  was  turned  out 
at  a  convenient  point,  driven  directly  under  the  downcast  shait, 
and  terminated  about  18  feet  below  the  bottom  of  the  sump.  A 
rise-staple  was  put  through  to  the  sump,  and  then  the  enk^rgement 
to  the  full  diameter  of  the  shaft  was  commenced  :  the  staple  act- 
ing as  a  shoot  for  the  delivery  of  all  debris,  which  were  removed 
through  the  drift.  The  whole  of  this  work  was  carried  out  dur- 
ing the  night-shift,  as,  until  this  widening  had  been  completed, 
it  was  impossible  to  get  the  girders  (mentioned  hereafter)  intod 
position  for  the  permanent  closing  of  the  sump  (Figs.  1  and.  3,] 
Plate  lY.). 

The  diameter  of  the  shaft  is  13i  feet,  but,  from  the  bottom  of  I 
the  sump  at  the  Barnsley  seam  to  the  level  of  the  drift  and  landing-] 
for  the  sinking-debris,  the  diameter  was  increased  to  14A  feet  in 
order  to  give  better  facilities  for  banking  purposes.  The  shaft.) 
was  next  sunk  about  10  feet  below  the  level  of  the  drift :  here  a| 
bricking-ring  was  inserted,  the  brickwork  was  carried  upwards] 
to  the  bottom  of  the  sump,  the  drift-arches  built,  and  a  water-crib"! 
inserted  above  the  arches  to  drain  any  sipings  that  might  occur.] 
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During  the  progress  of  tliis  work,  tlie  winding-engine  for  the 
sinking  was  being  erected  on  the  surface.  This  engine  has  two 
cylinders,  20  inches  in  diameter  by  3  feet  stroke,  fitted  with  a  drum 
5  feet  in  diameter,  and  supplied  with  steam  at  a  pressure  of  (JO 
pounds  per  square  inch  at  the  boilers.  The  single  winding-pulley 
was  fixed  on  the  headgear  used  for  winding  from  the  Barnsley 
seam,  so  as  to  allow  the  sinking-rope  to  run  between  the  central 
conductors,  which  are  spaced  18  inches  apart.  This  rope  was  a 
locked-coil,  |  inch  in  diameter,  and  the  total  depth  from  the  surface 
to  the  Parkgate  seam  was  1,722  feet.  The  trunks  weighed  4 
cwts.,  with  a  carrying  capacity  of  10  cwts.  (Fig.  2,  Plate  IV.). 

The  next  matter  was  to  pass  the  winding-rope  down  through 
the  sump,  and  to  make  the  latter  so  secure  that  no  possible  acci- 
dent in  the  winding-shaft  could  break  through  upon  the  men 
engaged  in  sinking  to  the  Parkgate  seam.  As  it  was  most  import- 
ant to  have  as  much  head-room  as  possible  above  the  banking- 
platform  in  the  drift,  to  the  point  where  the  detaching-hook  would 
disengage,  the  weights  of  the  wire-rope  conductors,  which  were 
suspended  below  the  framework,  CD,  were  re-hung  between  the 
two  frameworks,  AB  and  I'D  (Figs.  3  and  4,  Plate  IV.).  The  frame 
AB,  where  the  Barnsley  fallers  are  fixed,  is  constructed  of  timber, 
16  inches  square,  covered  with  wooden  planking,  T  inches  thick 
(Figs.  4  and  5).  The  frame,  CD,  used  for  steadying  the  wire-rope 
conductors,  is  made  of  baulks,  20  inches  square,  and  is  strengthened 
by  cross-pieces,  12  inches  square,  bolted  to  it.  On  these  baulks, 
the  detaching-bell  of  the  disengaging-hook  was  fixed  (Figs.  4  and 
6).  To  increase  the  strength,  girders,  10  inches  web  and  -5  inches 
wide,  double-flanged,  were  built  into  the  sides  of  the  shaft,  below 
the  frame,  CD,  and  were  fixed  9  inches  apart,  the  middle  girders 
being  IG  inches  apart  so  as  to  allow  for  the  passage  of  the  sinking- 
rope.  On  the  top  of  these  girders,  Norway  timber,  6  inches  square,, 
was  laid  at  right  angles,  and  carefully  sawn  to  fit  and  cover  the 
entire  area  of  the  shaft,  except  a  hole  of  sufficient  diameter  for  the 
passage  of  the  winding-rope  and  detaching-hook  (Figs.  4  and  7). 
There  was  a  height  of  24  feet  from  the  banking-platform  to  the 
detaching-bell.  Figs.  8  and  9  (Plate  IV.)  shews  the  arrangements 
that  were  made  for  banking  the  sinking-debris  at  the  drift-level, 
and  they  were  found  to  work  satisfactorily  and  more  economically 
than  the  trolley-system. 
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About  20  feet  below  the  banking-platform,  a  small  beading 
-was  driven  in  the  Stone  coal-seam  to  the  upcast  shaft,  the  sump 
of  which  was  sunk  60  feet  below  the  Barnsley  seam.  This  heading 
-was  bricked  (with  a  barrel  arch)  and  was  used  as  the  return  air- 
way for  the  sinking-shaft.  The  air  for  the  shaft  was  conducted 
through  light  wrought-iron  pipes,  18  inches  in  diameter,  and 
secured  CTery  9  feet  (Fig.  3). 

After  this  work  had  been  completed,  regular  sinking  com- 
menced, on  December  21st,  1898,  and  the  Parkgate  seam  was 
reached  on  June  12th,  1899. 

The  debris  from  the  sinking  were  banked  at  the  leyel  of  the 
drift,  and  drawn  by  horses  to  the  road  at  the  low  side  of  the  fault, 
from  whence  they  were  hauled  up  to  the  Barnsley  seam  and  drawn 
to  the  surface  by  a  small  engine  on  the  surface,  working  a  rope 
passing  down  the  upcast  shaft. 

After  December  21st,  1898,  the  sinking  proceeded  day  and 
night.  The  work  was  carried  on  with  electric  lights,  a  cluster 
of  5  lamps  of  16  candle-power  being  swung  in  the  shaft. 

The  actual  sinking  possessed  no  features  of  special  interest: 
just  below  the  8 wallow- wood  seam,  a  strong  outburst  of  gas 
occurred  and  delayed  the  sinking  operation  for  6  or  8  shifts,  and 
it  was  accompanied  by  a  feeder  of  water,  equal  to  about  200  gallons 
per  hour.  These  outbursts  came  from  a  fault,  which  entered  the 
shaft  about  180  feet  below  the  Barnsley  seam,  and  left  the  shaft 
on  the  other  side  at  282  feet.  The  flow  of  gas  ceased  before  the 
fault  was  passed  through,  and  the  feeder  of  water  soon  became 
unappreciable. 

IJ pcast  Shaft. — In  the  upcast  shaft,  although  there  was  no 
coal-drawing,  there  was  the  risk  of  sinking  below  steam-pipes  and 
water-mains,  the  latter  being  under  a  pressure  of  500  pounds  to 
the  square  inch,  and  it  was  thought  advisable  to  minimize  tiais 
risk  as  much  as  possible.  Scaffolding  and  girders  were  fixed, 
a  way  similar  to  those  in  the  downcast  shaft,  at  the  floor-level  ol 
the  pumping-engine  house,  so  that  if  one  of  the  water-pipes  were 
burst,  all  the  water  would  flow  through  the  water-drift  and  leave"' 
the  workmen  in  safety  in  the  sinking-pit.  The  winding-i  ope  was 
passed  through  a  strong  pipe  in  the  centre  of  the  scaffold,  and  the 
ventilating  current  was  carried  through  two  wrought-iron  tubes. 
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each  2  feet  in  diameter,  with  double  openings  at  right  angles  to 
the  axes  of  the  pipes  (Fig.  3,  Plate  lY.). 

The  depth  below  the  bottom  of  the  sump  and  the  Swallow- 
wood  seam  is  105  feet,  the  debris  in  this  preliminary  sinking, 
owing  to  the  shaft  not  being  used  for  drawing  purposes,  were  sent 
direct  to  the  Barnsley  seam-level,  and  thence  to  the  surface  up 
the  drawing-shaft.  While  this  work  was  proceeding,  a  heading 
was  driven  in  the  Swallow-wood  seam  from  the  downcast  shaft,  9 
feet  wide  by  6  feet  high,  to  the  upcast  shaft.  In  this  heading,  two 
pairs  of  doors  were  inserted,  and  the  intake  air  was  carried  by  means 
of  ventilating  pipes,  18  inches  in  diameter,  passed  through  the 
trap-doors,  and  they  were  carried  downward  as  the  sinking  ad- 
vanced, similar  to  those  in  the  downcast  shaft  (Fig.  3,  Plate  IV.). 

A  banking-platform  was  erected  similar  to  the  one  used  in  the 
downcast  shaft  (Figs.  8  and  9,  Plate  IT.),  and  from  this  point  all 
the  debris  were  conveyed  through  the  Swallow-wood  heading  to  the 
downcast  shaft,  where  a  chair  and  temporary  guides  were  inserted 
from  the  Parkgate  seam  to  the  level  of  the  Barnsley  seam.  The 
landing  at  the  Swallow-wood  seam  in  the  downcast  shaft  con- 
sisted of  a  single  door,  which  dropped  between  the  two  wire-rope 
conductors,  while  the  chair  rested,  the  rest  of  the  shaft  being 
closed,  with  the  exception  of  a  scale  of  air  required  for  ventilation 
(Fig.  3,  Plate  IT.). 

The  sinking  of  the  upcast  shaft  was  commenced  on  January 
3rd,  1900,  and  the  Parkgate  seam  was  reached  on  June  5th,  1900. 

The  winding-engine,  working  from  the  surface,  had  a  single 
cylinder,  18  inches  in  diameter  by  3  feet  stroke,  fitted  with  a  drum 
4f.  feet  in  diameter,  and  geared  4  to  1. 

Both  shafts  are  lined  with  brickwork,  9  inches  thick.     Gelig- 
nite and  high-tension  detonators  were  used,  the  shots  being  fired 
by  the  current  taken  from  the  electric-light  cables.     A  special  ' 
reel  was  used,  so  that  the  electric  lights  could  be  raised  or  lowered 
rapidly  and  without  extinguishing  them. 

The  sinking  of  these  shafts  was  accomplished  without  accident. 


Mr.  H.  B.  Nash,  in  proposing  a  vote  of  thanks  to  Mr.  Washing- 
ton for  his  paper,  said  that  it  contained  much  useful  information, 
and  many  of  the  members  would  be  able  to  utilize  the  arrange- 
ments described  in  the  paper. 
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Mr.  J.  E.  EoBiNsoN- Wilson,  iu  seconding  the  motion,  said  that 
he  had  had  an  opportunity  of  seeing-  the  progress  of  the  sinkings, 
and  the  arrangements  were  admirable  in  every  detail.  More- 
over, the  work  had  been  carried  oiit  in  an  able  manner  without  a 
single  accident  or  loss  of  life. 

The  motion  was  unanimously  approved. 


TRAXSACTIOKS.  lOl 


MIDLAND  INSTITUTE  OF  MINING,  CIVIL  AND 
MECHANICAL  ENGINEERS. 


GENERAL  MEETING, 
Held  at  Mokckton  Main  Colliery,  March  Ist,  1901. 


Mr.  JOHN  (tERRAKD,  President,  ix  the  Chair. 


DEATH  OF  HER  MAJESTY  QUEEN  VICTORIA. 

The  President,  referring  to  the  loss  of  their  great  and  good 
Queen,  said  that  it  was  a  matter  of  duty  to  pass  a  resolution, 
which,  as  Yorkshiremen,  famous  for  their  loyalty,  was  due  from 
them.  Severed  and  loved  as  the  Queen  was  by  all,  to  an  extent 
that  possibly  was  not  realized  until  they  lost  her,  now  they  were 
proud  of  her  greatness  and  goodness,  and  for  all  time  her  memory 
would  be  held  in  veneration,  wherever  the  English  language 
was  spoken.  He  moved  that  the  following  resolution  should  be 
forwarded  to  His  Gracious  Majesty  the  King  :  — 

llhat  the  J^'cmbcrA  of-  the  i^Iidiand  Institute  of  Mininq, 
^ivil  and  l^fechanical  Engineer^  humbly  deAirc  to  cxprcA*  their 

profound  and  laitin^  sorrow  at  the  death  of  their  beloved  ^JUeen,  the 
mo*it  6inccrely  respected  and  beloved  ^I|^onarch  in  the  World,  WhoAe 
memory  Will  long  live  in  the  hcartA  of  Her  people,  ^nd  the  "gember;^ 
further  Wi6h  to  declare  their  unabated  and  devoted  attachment  to  the 
Ifhronc  and  their  true  allegiance  to  ^16  ^ajCAttJ,  llinci  ^dWard 
SH.,  whom  God  -preserve. 

C^  -to--to'  ^ 

The  resolution  was  adopted  in  silence,  all  standing. 


The  minutes  of  the  previous  General  Meeting  were  read  and 
confirmed. 
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Tke  following  gentlemen  were  elected,  having  been  previously 
nominated :  — 

Members — 

Mr.  William  Armitage,  Colliery  Manager,  Fieldhouse  Colliery,  HuddersfiekL 

Mr.  Erxest  D.  Black,  Colliery  Manager,  Micklefield  Colliery,  Leeds. 

Mr.   Squire  Robert  Chadwick,  Colliery   Manager,   Robin  Hood  Collieries, 

Wakefield. 
Mr.  KiYOTorctJ  Yokekka,  Mining  Engineer,  Hokkaido  Colliery  and  Railway 

Company,  Tokio,  Japan. 


i 


Mr.  Charles  Chetwynd  Ellisojt  read  the  following  paper  on 
"  The  Simon-Carves  Bye-Product  Plant  at  Monckton  Main 
Colliery":  — 
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THE   SIMON-CARYES   BYE-PEODUCT   PLANT   AT 
MONCKTON  MAIN  COLLIERY. 


By  CHARLES  CHETWYND  ELLISON. 


The  object  of  this  paper  is  chiefly  to  describe  the  working  of 
an  electrically  driven  coal-compressing  machine,  by  which  the 
retort  coke-ovens  at  Monckton  Main  colliery  are  loaded  and  dis- 
charged.* As  this  is  the  only  machine  of  its  kind  in  use  in 
this  countiy,  the  wi'iter  ventures  to  think  that  the  subject  will 
be  of  interest  to  the  members,  and  to  those  who  are  connected 
with  the  coal-  and  iron-trades.  So  many  excellent  papers  con- 
taining useful  and  valuable  infomiation  about  bye-product  coke- 
ovens  having  been  recently  contributed  by  various  authors,  and 
printed  in  the  Transactions,  it  is  not  proposed  again  to  go  over 
this  ground,  but  it  is  difficult  to  avoid  a  cei'tain  amount  of  re- 
capitulation in  order  to  make  the  paper  comprehensive. 

It  is  almost  impossible,  when  writing  about  bye-product  coke- 
ovens,  not  to  refer  to  the  prejudice  which  has  existed  in  this 
country  and  in  America  against  the  system  of  retort  coke-ovens, 
but  it  has  now  been  all  but  entirely  overcome.  In  the  United 
States,  retort  coke-ovens  are  being  rapidly  adopted,  for  carboniz- 
ing coal  which  will  not  coke  in  beehive  coke-ovens,  and  are  also 
superseding  the  latter  type  of  oven.  In  this  country,  the  out- 
put of  bj'e-product  or  retort-oven  coke  steadilj'  increases. 
Englishmen  are  very  slow  to  adopt  innovations,  perhaps,  because 
they  are  afraid  of  making  mistakes  and  losing  money,  and 
possibly  from  a  lack  of  scientific  training'.  But  it  is  through 
experiments  and  mistakes  that  the  path  of  progress  has  always 
lain,  and  unless  Englishmen  are  prepared  to  risk  something,  they 
will  be  left  behind  in  the  industrial  race. 

Bye-product  coke-ovens  have  now  been  in  use  in  England 
for  many  years,  but  unfortunately  some  time  ago,  several  eminent 
mining-engineers,  who  were  considered  authorities  on  the  manu- 
facture of  coke,  stated  that  this  class  of  oven  was  unnecessaiy 

*   Trails.  Iii-'it.  M.F.,  1899,  voL  xviii.,  page  56L 
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for  Englisli  coals,  and  that  the  coke  was  unsuitable  for  metal- 
lurgical purposes.  It  is  interesting,  however,  to  follow  in  the 
Transactions  of  various  scientific  societies  the  remarks  which 
have  been  made  during  discussions  on  the  subject  from  time  to 
time.  It  would  almost  seem  as  if  some  engineers  were  so  short- 
sighted as  to  think  that  we  can  learn  nothing  from  our  Con- 
tinental neighbours  that  will  tend  to  improve  oui-  methods  and 
machinery;  but  this,  perhaps,  applies  only  to  those  who  remain 
at  home,  and  never  take  the  trouble  to  study  a  subject.  It  is 
instructive  to  hear  the  remarks  of  an  English  engineer  after 
his  fii'st  visit  to  modern  German  collieries  ;  every  one  who  takes 
any  interest  in  his  work  ought  to  visit  them.  Indeed,  if  the  young 
miuing-engineers  of  this  country  would  take  their  holiday  in 
the  coal-fields  of  Belgium,  France  or  Germany,  they  Avould  not 
only  find  it  a  most  pleasant  and  instructive  trip,  but  it  would 
certainly  materially  assist  in  enlarging  their  ideas  and  help  them 
in  the  studj'  of  their  profession. 

German  engineers  were  at  first  comparatively  slow  in  erect- 
ing bye-product  coke-ovens,  but  as  soon  as  they  discovered  the 
immense  amount  of  profit  to  be  derived  from  them,  their  number 
increased  very  rapidly,  and  at  the  present  time  the  beehive  coke- 
oven  in  Germany  is  shown  to  the  visitor  as  a  relic  of  the  jiast. 

There  is  much  to  be  learnt  in  regard  to  the  working  of  a 
battery  of  bye-product  coke-ovens  :  there  is,  perhaps,  no  subject 
of  greater  interest  in  connection  with  a  colliery;  and  since  the 
erection  of  several  plants  in  this  district,  most  of  the  members 
have  had  an  opportunity  of  inspecting  one  of  them  and  are  there- 
for to  some  extent  acquainted  with  the  process. 

It  is  not  proposed  to  deal  fully  with  the  manufacture  of  bye- 
products,  but  more  especially  with  the  entire  process  of  the  manu- 
facture of  coke,  showing  the  improvements  made  in  its  quality 
and  hardness  by  adopting  the  compressing  machine.  It  is  intended 
also,  if  possible,  to  a  certain  extent  to  answer  the  question,  which 
a  shrewd  business  man  would  ask,  when  considering  the  advisa- 
bility of  adopting  such  a  system,  "  What  advantage  om  I  going 
to  obtain,  as  compared  with  my  old  system  of  making  coke  ?  " 
This  paper  will  enable  members  to  form  an  opinion  concerning 
the  practical  value  of  the  plant,  and  if  there  is  any  further 
inforniati(m  which  can  afterwards  be  supplied,  the  writer  will 
be  very  pleased  to  do  so. 
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Screening -pi  ant. — ^The  screens  from  wliich  the  coal  is  supplied 
■to  these  ovens  are  situated  in  a  direct  line,  about  420  feet  from 
the  hopper  in  which  the  coal  is  stored.  Previously,  this  coal 
was  taken  to  the  old  ovens  in  railway-waggons,  but  if  this  means 
had  been  adopted  for  the  new  ovens,  it  would  have  meant  that 
the  coal  would  have  been  shunted  about  1,800  feet,  as  there  are 
no  less  than  eight  sidings,  one  set  of  screens,  and  two  batteries 
of  beehive  coke-ovens  between  the  screens  and  the  hoppei.  In 
order  to  pass  over  or  under  these  various  obstacles  several  schemes 
were  considered,  as  follows :  — (1)  To  elevate  the  coal  into  a 
small  hopper  on  to  a  gangway,  to  run  a  level  gangway  to  the 
bottom  of  a  big  hopper,  and  then  to  elevate  the  coal  on  to  a- 
creeper,  which  would  fill  the  various  compartments  of  the  large 
hopper.  (2)  To  elevate  the  coal  into  a  small  hopper,  and  to  con- 
vej'  it  direct  into  a  large  hopper  by  means  of  a  creeper  rising  at 
an  angle  of  1  in  8.  (3)  To  convey  the  coal  in  coWes,  by  means  of 
an  underground  subway,  and  then  to  tip  it  into  the  boot  of  an 
•elevator,  which  would  convey  it  into  the  hopper.  (4)  To  elevate 
the  coal  into  a  small  hopper,  and  to  take  it  thence  direct  into  a 
larger  hopper  by  means  of  an  aerial  rope-way. 

The  second  scheme  Avould  at  first  sight  appear,  perhaps,  the 
simplest,  but  the  cost  was  found  to  be  very  heavy.  The  suppoi-ts 
to  carry  the  creeper  would  have  been  costly,  although  the  dis- 
tance is  only  420  feet.  The  creeper,  owing  to  its  great  weight, 
would  have  required  a  large  amount  of  power  to^  drive  it,  even 
when  not  conveying  any  coal,  and  the  wear-and-tear  of  such  a 
creeper  is  very  costly — more  especially  when  conveying  coal 
moistened  with  bad  water.  It  was  therefore  decided  to  adopt 
the  fourth  scheme  as  being  the  cheapest  in  first  cost,  wear-and- 
tear  and  labour,  and  requiring  less  motive  power.  Although 
aerial  rope-ways  are  much  used  abroad  in  place  of  tramways,' 
few,  if  any  are  in  use  for  so  short  a  distance,  and  this  rope-way 
really  takes  the  place  of  a  creeper.  It  works  satisfactorily,  and 
the  writer  believes  that  it  will  shortly  become  a  very  common 
means  of  transit  at  collieries,  when  mining-engineers  appreciate 
its  simplicity  and  usefulness.  The  arrangements,  although 
simple,  are  ingenious,  and  worthy  of  careful  inspection. 

The  fine  coal  passes  through  a  Avire  screen  with  a  |  inch 
mesh,  and  contains  all  the  pea-nuts,  the  quality  of  the  coke  being 
considerably  better  than  if  it  was  made  only  from  fine  smudge. 

11 


lOi;  THE  sniOX-CARVES  BYE-PRODUCT  PLANT. 

The  coal  is  carried  by  a  creeper  a  distance  of  68  feel  on  the  levels 
and  it  then  rises  1  in  ■!  for  a  further  distance  of  49  feet.  The 
coal  here  falls  into  a  Carr  disintegrator,  which  is  capable  of 
treating  40  tons  per  hour.  After  passing  through  the  CaiT 
disintegrator,  the  coal  drops  into  the  boot  of  an  elevator,  which 
lifts  it  58  feet,  and  delivers  it  into  a  small  hopper  (Fig.  2,  Plate 
III.).  It  will,  no  doubt,  be  of  interest  to  refer  to  a  difficulty  which 
was  encountered  here.  The  slack  is  not  washed,  and  it  is  damped 
m  order  to  make  it  into  a  cake.  An  Archimedian  screw,  work- 
ing a  barrel  30  inches  in  diameter,  was  fixed  under  the  dis- 
integrator :  and  water  was  admitted  into  this  barrel,  with  the 
view  of  mixing  it  with  the  fine  coal.  After  numerous  trials, 
it  was  found  impossible  to  make  the  smudge  leave  the  worm, 
which  became  clogged  up,  and  the  screw  had  to  be  removed. 

Aerial  Ropc-icay. — The  aerial  rope-way  is  working  most  satis- 
factorily and  economically  (Fig.  1,  Plate  III.).  The  empty 
buckets  are  automatically  detached  from  the  haulage-rope,  then 
taken  a  short  distance  by  hand,  and  filled  at  the  shoot.  A,  and' 
at  the  same  time  water  is  sprayed  upon  them  (Fig.  2).  This  not 
onh'  damps  the  coal,  but  prevents  it  from  blowing  away  in  transit. . 
If  too  much  water  be  put  upon  the  coal,  it  sticks  to  the  buckets, 
and  when  tipped  they  do  not  empty  completely.  When  the 
bucket  is  full,  it  is  pushed  along  the  rail,  and  is  attached  by- 
means  of  a  clip  to  the  i  inch  haulage-rope.  The  rail  slopes 
down  at  B,  so  that  the  tub  may  be  attached  to  the  haulage-rope, 
and  its  weight  causes  the  clip  to  grip  tightly  the  haulage -rope. 
The  whole  of  the  machinery,  consisting  of  a  creeper,  disintegrator,, 
elevator,  and  aerial  rope-way,  is  driven  by  a  horizontal  engine, 
with  2  cylinders,  each  IG  inches  in  diameter,  and  having  a  stroke- 
of  24  inches. 

The  bucket,  on  leaving  the  rail  at  the  loading-station,  rujis 
on  to  a  round  locked-coil  carrying-rope,  l-i\  inches  in  diameter; 
and  from  the  point  of  support  to  the  hopper,  D,  a  distance  of  300' 
feet,  there  is  one  support,  placed  at  a  point  120  feet  distant 
from  the  loading-station.  The  average  gradient  between  the 
loading-station  and  the  hopper,  D,  is  1  in  8.  The  buckets  hold 
8  hundredweights  of  coal,  travel  at  the  rate  of  100  feet  per 
minute,  are  spaced  upon  the  rope  about  90  feet  apart,  and  at 
this  speed  240  tons  can  be  conveyed  per  day  of  10  hours,  -but 
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surplus  power  is  provided  for  conveyiug'  a  considerably  larger 
quantity. 

Tlie  labour  at  tlie  loading-station  includes  1  enginemau,  wlio 
attends  to  the  engine,  creeper,  cruslier  and  elevator ;  and  1  man 
and  1  lad,  "wlio  fill  the  buckets  of  the  aerial  rope-way.  The  cost 
ot  labour  for  240  tons  per  daj'  is  0"8d.  per  ton. 

The  buckets,  on  reaching  the  hopper,  D,  run  on  to  a  rail,  C, 
similar  to  that  of  the  loading-station.  The  haulage-rope  is  not 
undipped  from  the  tub  when  passing  roimd  the  return-wheel, 
which  is  of  such  a  section  as  to  allow  of  the  haulage-clip  passing 
round  it.  The  buckets,  therefore,  never  leave  the  haulage-rope, 
and  can  be  emptied  into  any  part  of  the  hopper,  by  setting  an  arm, 
which  knocks  oif  a  catch  on  the  buckets  (Figs.  3  and  4,  Plate  III.). 
As  soon  as  this  is  released,  the  bucket  is  so  balanced  that  it  turns 
over,  empties  itself,  and  returns  on  the  empty-tubs  carrying-rope, 
(|;f  inch  in  diameter)  to  the  loading-station.  The  top  of  the 
hopper  is  covered  with  an  iron-grating,  so  that  only  coal  can  fall 
through.  T\"atering  aiTangements  are  provided  at  the  top  of  the 
hopper  to  damp  the  coal  as  it  falls  in,  but  it  is  not  always  used. 
At  the  same  time  the  water  is  always  ready  in  case  of  fire.  The 
man  on  the  top  looks  after  the  filling  of  the  hopper  and  the 
machinery.  He  has  actually  very  little  to  do,  but  sometimes  it 
is  necessary  for  him  to  go  into  the  hopper  and  shovel  the  coal 
to  the  spouts. 

Coal-stonuje  Hopper. — -The  hopper,  D,  is  built  of  wood  and 
supported  on  brick  pillars ;  it  is  22  feet  high,  and  should  contain, 
when  full,  about  660  tons  of  coal.  The  sides  of  the  hopper  are 
bolted  together  by  tie-rods,  and  the  hopper  is  bolted  to  the 
brick-pillars  upon  which  it  stands,  so  as  to  prevent  it  from  being 
blown  over  in  a  gale  of  wind  (as  it  stands  in  a  most  exposed 
position),  and  also  to  enable  it  to  resist  the  pull  or  strain  which  is 
placed  upon  it  by  the  aerial  rope-way  (Figs.  3  and  4,  Plate  III.). 
The  hopper  has  a  corrugated  iron  roof.  It  is  lighted  by  electricity, 
and  portable  electric  lamps  are  used  when  workmen  have  to  go 
into  the  hopper.  Iron  ladders  are  fixod  inside  the  hopper,  and 
chains  are  suspended  in.  various  parts  to  ensure  the  safety  of 
the  men,  when  working  in  the  hopper.  At  first,  an  attempt  was 
made  to  do  without  "  hoppering  "'  the  bottom  of  the  storage-box 
in  order  that  it  might  hold  more  coal,  as  it  was  thought  that  the 
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coal  would  "  hopper  "  itself,  and  so  reduce  the  cost,  liut  it  was 
found  most  difficult  to  get  the  coal  out,  and  it  has  since  been 
"  hoppered  '"  into  5  divisions,  with  sides  sloping  at  an  angle  of  fJO 
degrees  and  covered  with  steel  sheeting,  and  the  smudge  now 
comes  out  readily.  It  is  a  mistake  not  to  "  hopper,''  as  the  coal 
which  is  left  in  the  corners  of  the  storage-hox  becomes  heated, 
and  is  a  source  of  danger  because  it  may  take  fire.  It  is,  therefore, 
absolutely  necessary  to  clean  out  constantly  the  corners  of  the 
hopper :  an  expensive  matter,  as  the  whole  of  that  part  of  the 
hopper  must  be  emptied  for  the  purpose. 

In  the  bottom  of  the  hopper  are  three  large  holes  fitted  with 
slides,  worked  with  a  wheel-and-ratchet,  and  from  these  holes  the 
corves  which  run  on  the  top  of  the  coke-ovens  are  loaded. 

The  corves,  of  46  cubic  feet  capacity,  are  fitted  with  axles 
running  in  ball-bearings,  and  the  bottom-slide,  which  is  usually 
pulled  out  by  hand,  is  worked  by  means  of  a  wheel-and-pinion 
working  into  a  rack  (Figs.  5  and  6,  Plate  III.).  This  is  a  very 
convenient  arrangement,  and  saves  the  workmen  much  trouble. 
The  corves  have  pockets  on  the  sides,  through  which  a  rod  can 
be  pushed  down  to  make  the  coal  riui  out,  when  it  sticks.  This 
prevents  a  good  deal  of  rough  usage  to  the  sides  of  the  corfe. 
and  also  to  the  tops  of  the  coke-ovens.  The  familiar  sight  of 
the  trammer  lifting  one  end  of  the  corfe  from  the  rails  and 
dropping  it,  or  striking  the  corfe  with  an  iron  bar,  and  gradually 
destroying  the  sides,  is  never  seen  when  this  class  of  corfe  is  in 
use,  and  it  consequently  saves  a  considerable  amount  of  wear-and- 
tear  both  to  the  ovens  and  corves. 

Cohe-ovens. — The  plant  consists  of  a  batteiy  of  -35  Simon- 
Carves  coke-ovens  and  a  bye-product  plant  for  dealing  with  the 
tar,  sulphate  of  ammonia  and  benzol.  The  ovens  are  of  the 
following  dimensions: — 32  feet  8  inches  long;  8  feet  2  inches 
high,  to  crown  of  arch;  and  19 j  inches  wide  at  the  front  end, 
19|^  inches  at  the  centre,  and  20yV  inches  wide  at  the  back :  the 
ovens  are  made  tapering,  so  as  to  allow  of  the  coke  being  more 
easily  pushed  out.  The  sole-flue  and  side-flues  of  the  coke- 
ovens  are  filled  with  hot  air  and  gas,  by  which  means  these  fines 
are  heated  to  a  temperature  varying  from  1,600°  to  2,200°  Fahr.  : 
and  the  heat  is  transmitted  through  the  side-walls  (4^  inches 
thick)  of  the  ovens  to  the  coal  within  them. 
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The  gas  given  off  from  the  coal  passes  into  the  ascension-pipe, 
through  a  valve,  and  thence  descends  into  the  hydraulic  main. 
One  of  the  most  important  points  in  connection  with  the  work- 
ing of  the  ovens  is  the  difficulty  of  dealing  with  the  valves,  and 
when  the  coal  is  very  rich  in  tar,  it  is  no  easy  matter  to  keep 
the  pipes  in  working  order.  AVhen  the  coke  is  ahout  to  be 
discharged  from  the  oven,  the  valve  is  closed,  in  order  to  shut 
off  the  oveu  from  the  exliausteis.  Many  types  of  valves  have 
been  tried,  but  few  of  them  work  successfully.  A  common  form 
of  valve  (Fig.  7,  Plate  III.)  has  been  used  on  these  ovens,  but 
owing  to  the  expense  and  difficulty  of  cleaning  out  the  pockets, 
F,  it  is  found  cheaper  to  fill  these  up  with  cement,  to  remove 
the  whole  of  the  valve,  to  replace  it  with  a  clean  one,  and  to  clean 
the  valve  when  removed  from  the  coke-oven.  The  tar  and  gas 
have  every  opportunity  of  filling  up  the  pockets,  as  the  gas  passes 
vertically  downward  through  them.  The  gas  from  the  coke-oven 
is  drawn  through  the  inlet.  A,  and  enters  the  gas-chamber  or 
hydraulic  main  through  the  outlet,  B  :  the  cup,  C,  is  then  in 
the  position  shown  in  Fig.  7.  AVhen  the  oven  is  ready  for  dis- 
charging, the  connection  between  the  oven  and  the  hydraulic  main 
is  cut  off  by  lowering  the  cup.  C,  into  the  annular  space,  E,  and 
covering  the  top  of  the  pipe,  B.  The  pockets,  F,  are  used  for 
cleaning  out  the  tar,  etc.,  which  accumulates  in  the  annular  space, 
E.  The  water-seal  is  maintained  by  a  water-supply  through  the 
pockets,  F.  The  cleaning  out  of  the  pockets  was  found  very 
expensive,  and  they  were,  therefore,  closed ;  and  when  the  valve 
IS  blocked  with  tar,  etc.,  it  is  taken  off  and  replaced  by  a  clean 
one.  The  pipe,  B,  being  only  6|  inches  in  diameter,  tends  to 
prevent  the  gas  from  issuing  from  the  oven :  being  of  a  smaller 
area  than  the  outlet  from  the  oven,  it  produces  a  pressure  in  the 
oven,  and  causes  the  gas  to  waste  at  the  doors. 

The  valve,  shown  in  Fig.  8  (Plate  III.)  is  working  satis- 
factorily, and  is  a  great  improvement  on  that  shown  in  Fig.  7, 
as  it  is  much  simpler  and  easier  to  clean.  The  gas  from  the 
coke-oven  is  drawn  through  the  inlet,  A,  and  enters  the  hydraulic 
main  through  the  outlet,  B.  The  cone-shaped  valve,  C,  is  then 
in  the  position  shown  in  Fig.  8.  When  the  oven  is  ready  for 
discharging,  the  connection  between  the  oven  and  the  hydraulic 
main  is  cut  ofE  by  means  of  the  valve,  C,  which  is  screwed  upon 
its  seat,  E.     The  plate,  F,  is  removed  when  cleaning  the  outlet. 
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B,  and  when  not  in  use  a  plug  is  inserted  in  tlie  liole.  Tlie 
advantages  of  this  valve  are  as  follows :  — (1)  It  is  labour-saving, 
as  there  are  practically  no  traps  for  the  accumulation  of  tar. 
etc.,  as  in  the  first  valve.  (2)  It  has  a  larger  area  than  the 
first  valve,  allowing  the  gas  to  pass  away  more  quickly ;  this  is 
essentially  necessary  with  compressed  charges  of  coal,  as  a  large 
volume  of  gas  is  produced  during  the  first  few  hours  of  carboniz- 
ing, and  there  is  as  a  consequence  practically  no  loss  of  gas  through 
wasting  at  the  doors.  (3)  As  the  gas  comes  oif  more  quickly,  the 
coking-time  is  somewhat  reduced.  And  (4)  the  distance  between 
the  gas-outlet  of  the  oven  and  the  hydraulic  main  is  4  feet  1 
inch,  against  7  feet  6  inches  with  the  first  valve. 

The  gas  then  passes  through  the  hydraulic  main,  in  which 
it  is  cooled  by  water,  and  wherein  it  deposits  some  of  its  tar. 
The  ta,r  passes  out  of  the  hydraulic  main  into  a  pipe  leading  to 
the  tar-tank.  Water  and  thin  tar  are  admitted  into  the 
hydraulic  main,  to  assist  in  carr3-ing  away  the  tar  deposited 
from  the  gas,  and  the  thin  tar  prevents  the  accumulation  of  pitch, 
and  fine  coal-dust,  etc.,  which  causes  the  tar-pipe  to  become 
stopped,  unless  carefully  watched.  This  flushing,  therefore,  saves 
a  great  deal  of  labour  in  cleaning  the  pipes.  The  water  in  the 
hydraulic  main  also  prevents  the  hot  gases  from  coming  into  con- 
tact with  the  tar,  which  would  boil,  and  the  volatile  compounds 
would  be  driven  off.  The  gas  then  passes  through  the  water- 
condensers,  where  the  last  traces  of  tar  are  collected,  and  where 
the  temperature  is  reduced  to  about  60°  to  70°  Fahr.  The 
gas  next  passes  through  an  exhauster,  and  is  from  this  point 
forced  through  the  ammonia-scrubbers,  the  benzol-absorbers, 
and  then  returns  to  the  top  of  ovens,  where  it  is  utilized  for 
heating  the  oven-flues. 

Tlie  gas  is  taken  from  the  gas-main  on  the  top  of  the  ovens 
through  a  tuyere,  or  gas-pipe,  regulated  by  a  A-alve.  The  gas  at 
this  point  is  mixed  with  hot  air  having  a  temperature  varying  from 
900°  to  1,000°  Fahr.  The  temperature  in  the  bottom-flue  is 
about  2,200°  Fahr.  The  state  of  the  flue  has  to  be  continually 
watched,  and  the  admission  of  air  and  gas  regulated,  othemise 
the  flue  would  very  soon  be  burnt  away.  This  inspection  is 
made  through  a  sight-hole,  fitted  with  a  plug.  The  ordinai-y 
plug  consists  of  a  piece  of  fire-brick,  and  being  removed  every 
time  that  the  flue  is  examined  permits  of  the  entrance  of  cold  air. 
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which  reduces  the  temperature,  and  has  an  injurious  effect  on 
the  hot  bricks :  it  alters  the  natural  condition  of  combustion 
in  the  flue.  It  was  also  practically  impossible  to  inspect  the 
flue  through  the  sight-hole  with  the  naked  eye,  owing  to  the 
intense  white  heat,  and  thus  a  slightly  burnt  flue  might  be  over- 
looked and  allowed  to  become  much  worse.  The  writer  has  intro- 
duced a  simple  arrangement,  consisting  of  a  hollow  plug,  fitted 
with  a  piece  of  coloured  glass,  through  which  the  Hues  can  be 
examined  without  removing  the  plug. 

The  gas  passes  out  of  the  bottom-flue  at  the  end  of  the 
oven,  and  ascends  by  a  vertical  flue  into  the  top  horizontal  Hue, 
where  further  air  is  admitted.  It  then  travels  through  this  Hue 
to  the  other  end  of  the  oven,  passing  downward  to  the  next  flue, 
where  air  is  again  admitted  ;  there  is  also  an  arrangement  at 
this  point  for  admitting  gas,  but  it  is  not  always  found  necessary 
to  do  so.  The  gas  again  passes  the  whole  length  of  the  oven 
through  this  flue,  returns  by  the  third  flue,  thence  into  the  fourth 
c.r  lower  side-flue,  and  thence  into  the  regenerators. 

The  approximate  temperatures  of  the  different  flues  are  as 
follows :  — Horizontal  side-flues,  top  1,650°  Fahr.,  second  1,850° 
Fahr.,  third  1,600°  Fahr.,  and  fourth  1,700°  Fahr.;  and  the 
bottom  or  sole-flue,  2,000°  to  2,200°  Fahr. 

Underneath  the  coke-bench  are  five  large  flues  or  regenera- 
tors :  the  air  enters  the  first  flue,  B,  travels  its  whole  length  and 
returns  through  the  third  flue,  D,  and  then  enters  the  fifth  flue, 
F.  The  temperature  of  the  air  when  it  reaches  the  fifth  flue 
varies  from  900°  to  1,000°  Fahr.,  and  the  air  is  taken  from  this 
flue  to  the  gas-pipes  of  the  several  ovens.  The  two  gas-flues, 
C  and  E,  are  heated  by  the  waste  gases,  after  they  have  heated 
the  flues  of  the  ovens,  the  gas  from  alternate  ovens  passing  to 
the  flue,  E,  going  to  Xo.  4,  and  the  gas  from  the  other  ovens  to, 
the  flue,  C.  The  gas  passes  through  these  flues  to  the  boilers, 
and  is  there  used  for  generating  steam. 

Methods  of  Charging  the  Coke-ovens. — The  ordinary  process 
of  charging  retort  coke-ovens  is  by  means  of  coi-ves  running 
along  the  top  of  the  ovens,  the  coal  being  dropped  through  three  or 
more  charging-holes  (Fig.  9,  Plate  III.).  When  the  coal  falls 
into  the  oven,  it  forms  three  peaks  which  require  levelling,  in 
order  that  the  oven  may  be  properly  filled.     This  work  is  done 
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Fig.  12.— Cumbi.nkd  Coal-cojipressinc;  and  CoKE-DiscHARtiiNO  Machine. 
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by  manual  laboiu*,  a  rake,  20  feet  long  and  weighing'  5fi  pounds, 
being  used.  These  rakes  are  made  from  hollow  tubes,  and  ar<> 
constantly  being  repaired  and  straightened,  as  they  are  much 
affected  by  the  heat.  The  levelling  of  the  coal  involves  very  hard 
work,  and  it  is  difficult  to  ensure  that  it  is  properly  done,  even 
under  the  most  careful  supervision.  When  carried  on  at  night-time, 
it  is  often  carelessly  done  :  consequently  the  oven  is  not  properly 
tilled,  in  some  places  the  coal  maj'  touch  the  top  of  the  oven  and 
prevent  the  gas  from  escaping,  and  the  gas  may  lie  in  the  hollow 
jjlaces  and  become  decomposed  by  the  heat.  The  covers  on  the 
charging-holes  of  the  ovens  must  be  removed  before  charging, 
and  this  woik  is  far  from  pleasant,  as  smoke  and  flame  issue 
from  the  charging-holes.  The  time  occupied  in  charging  and 
levelling  an  oven  is  about  'do   minutes. 

Coal-compressing  Machine. — The  machine  is  very  massive, 
and  weighs,  when  loaded,  about  75  tons  (Fig.  12).  It  comprises 
a  ram,  H,  for  discharging  the  ovens,  a  small  storage-hopper  fixed 
above  the  ram  and  motor,  and  the  box  in  which  the  coal  is 
stamped  into  a  cake  (Fig.  10).  The  machine  travels  in  front  of 
the  ovens  on  four  heavy  bull-headed  rails,  the  motivo  power  being 
electricity.  The  hopper,  F,  on  the  machine,  is  loaded  by  means 
of  five  creepers,  E,  running  underneath  the  storage-hopper,  carried 
on  brackets  fixed  on  the  side  of  the  storage-hopper,  D,  and  over- 
hanging the  small  hopper  placed  on  the  machine  (Fig.  4,  Plate 
III.).  The  creepers  are  driven  by  an  engine  with  a  single 
cylinder,  12  inches  in  diameter  and  2  feet  stroke,  and  by  their 
use  the  small  hopper  can  be  filled  in  a  very  few  minutes.  There 
is  a  water-spray  at  the  end  of  each  of  these  creepers,  by  which 
the  coal  receives  a  fmther  watering.  Two  men  are  required  to 
attend  to  this  machinery.  The  hopper,  F,  holds  sufficient  coal 
for  about  Ih  oven-charges.  It  is  therefore  not  nece^isary  to  stop 
the  compressing  process  when  the  machine  is  away  from  the 
storage-hopper,  as  having  made  one  cake  there  is  still  sufficient 
coal  in  the  hopper  on  the  machine  to  proceed  with  the  making 
of  the  next  cake.  The  coal  falls  into  the  stamping-box,  G, 
through  hinged  doors,  which  are  opened  and  closed  by  hand. 
The  box  or  chamber,  Gr,  in  which  the  coal  is  stamped  or  made 
into  a  cake  is  slightly  less  than  the  size  of  the  ovens  so  as  to 
allow  sufficient  clearance  :    it  is  32  feet  6  inches  long,  T  feet  4 
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inches  high,  and  1  foot  G  inches  wide.  It  consists  of  a  move- 
able sole-plate  driven  from  the  lai'ge  motor  by  means  of  rack- 
and-pinion  gearing.  The  sides  of  the  box  are  made  of  sheet- 
iron,  and  one  side  is  hinged  at  the  bottom,  so  that  when  the  cake 
is  completed,  one  side  can  b?  released  and  so  reduce  the  side- 
friction,  when  the  cake  is  being  pushed  into  the  oven.  At  the 
front  end,  there  is  a  movable  door,  which  is  raised  and  lowered 
b}'  means  of  a  small  winch.  At  the  back  end,  the  door  is  lield 
in  position  by  two  screws,  which  aie  attached  to  a  bracket  bolted 
to  the  sole-plate ;  and  the  door  can  be  moved  backwards  and 
forwards  by  means  of  these  screws,  which  ai'e  8  feet  2  inches 
long. 

Commencing  with  an  empty  box,  a  layer  about  14  inches 
deep  of  coal  is  admitted,  and  stamping  is  commenced  as  soon 
as  there  is  sufficient  coal  in  any  one  part  of  the  box.  The  bottom 
layer  must  be  most  carefully  stamped,  as  it  has  to  bear  more 
weight  than  any  other  layer;  consequently  the  higher  the  layer, 
the  less  stamping  it  requires,  or  the  thicker  it  may  be  made.  It 
is  absolutely  necessary  that  the  coal  should  be  thoroughly  well 
moistened,  in  order  that  the  cake  may  be  sufficiently  strong  to 
prevent  it  from  breaking  when  the  oven  is  being  charged.  The 
coal  can  be  watered  by  jets,  fed  from  a  cistern  on  the  machine. 
As  the  coal  is  admitted  into  the  box  it  is  levelled  by  rakes,  when 
necessary.  The  stamper  consists  of  an  iron  head,  or  hammer, 
17  inches  long,  11  inches  wide,  and  its  weight  is  196  pounds. 
It  is  attached  to  a  rod  or  shaft  of  hard  wood,  12  feet  9  inches 
long,  of  square  section  and  it  can  be  relined  when  worn.  The 
hammer  is  lifted  about  18  inches,  by  means  of  friction-wheels, 
actuated  by  springs  and  a  cam-motion,  and  is  tken  released. 
The  hammer  and  the  machinery  whick  drives  the  hammer  is 
carried  on  rails,  the  speed  of  which,  can  be  regulated.  It  is 
driven  by  an  electric  motor  of  2  horsepower  running  at  abcrut 
1,500  revolutions  per  minute.  The  time  taken  to  travel  from 
one  end  of  the  box  to  the  other  is  1  minute  25  seconds,  the 
hammer  making  38  strokes  per  minute,  and  after  every  stroke 
the  machine  is  moved  along  the  rails  for  about  7  inches.  It  is 
usual  to  let  the  stamper  travel  over  a  layer  of  coal  at  least  twice, 
before  admitting  more  coal ;  and  at  the  end  nearest  the  oven 
special  care  has  to  be  taken  to  stamp  the  cake  thoroughh',  else 
it  will  break  oif,  before  it  can  be  placed  in  the  oven. 
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Two  wooden  liand-stampers  are  provided  in  order  that  a  few 
extra  blows  may  be  given  by  band,  at  the  ends  of  the  box.  The 
front  end  of  the  cake  is  tapered  down  as  shown  in  Fig.  10  (Plate 
III.),  because,  if  the  cake  were  made  of  full  size,  the  top  part 
would  break  off  when  going  into  the  coke-oven.  The  writer  has 
tried  various  methods  of  preventing  this  breakage,  such  as  insert- 
ing layers  of  straw,  and  thin  laths  of  wood.  The  latter  plan  acts 
well,  it  does  not  cost  much,  and  more  coal  can  be  put  into  the 
oven  :  and  the  coal  reaching  nearly  to  the  top  of  the  door  protects 
it  from  the  heat,  as  the  doors  are  more  liable  to  damage  when 
a  space  is  left  between  the  coal  and  the  door. 

Two  men  are  required  to  work  the  machine,  and  one  of  them 
also  works  the  ram.  The  cake  having  been  completed  to  within 
a  few  inches  of  the  top  of  the  box,  the  machine  is  placed  in 
position  for  loading  the  oven.  The  time  occupied  in  making 
the  cake  is  about  40  minutes.  The  weight  of  a  cake  is  approxi- 
mately 11  tons,  of  which  nearly  18  per  cent,  is  moisture.  Owing 
to  the  difficulty  of  moistening  the  coal  thoroughly  and  evenly, 
it  is  necessaiy  to  use  more  water  than  is  really  necessary  to  make 
the  coal  into  a  firm  cake.  It  is  very  difficult  to  mix  coal-dust  and 
water ;  some  portions  of  coal  throw  off  the  water  and  refuse  to 
mix  with  it  in  a  most  extraordinary  manner.  This  difficulty 
and  trouble  does  not  occur  when  the  coal  is  washed,  much  less 
water  is  then  required,  and  the  yield  of  bye-products  and  coke 
is  much  greater.  The  excessive  quantity  of  water  also  requires 
more  heat  to  drive  it  out  of  the  coal. 

The  machine  is  propelled  along  rails  placed  parallel  to  the 
front  of  the  coke-ovens  by  means  of  an  electric  motor  of  25 
horsepower  working  at  210  volts,  and  about  35  to  50  amperes.  It 
takes  its  current  from  overhead  wires,  and  can  travel  at  the 
rate  of  about  80  feet  per  minute.  The  motor  is  geared,  and  can 
be  thrown  in  and  out  of  gear  by  means  of  clutches.  This  motor 
also  Avorks  the  ram  and  sole-plate  of  the  coal-box. 

Discharging  the  Coke. — The  door  of  the  coke-oven  which  is  to 
be  discharged,  having  been  opened,  the  ram-head  is  placed 
opposite  to  it.  The  ram  consists  of  a  heavy  head  faced  with 
sheet-iron,  having  two  vertical  rollers  on  either  side  and  an 
horizontal  roller  to  prevent  it  from  damaging  the  oven.  At  the 
bottom  of  the  ram  is  fixed  a  hinged  scraper,  which,  when  the  ram 
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is  beiusr  witlidiawn,  scrapes  the  dirt  and  graphite  off  the  sole  of 
the  oven.  This  improvement  was  introduced  by  the  writer  after 
having  seen  the  machine  at  work  in  Germany,  where  the 
machine  has  to  b?  removed  and  two  men,  one  at  each  end  of  the 
oven,  scrape  the  sides  and  floor,  as  best  they  can,  with  long 
scrapers.  The  German  coal  produces  much  graphite.  Xo  diificulty 
has  arisen  in  using  the  scraper,  which  has  not  damaged  the 
sides  or  floor  of  the  ovens.  This  scraping  is  of  course  a  very 
important  point,  as  the  accurate  fit  of  the  sole-plates  of  the  box 
makes  it  absoluteh'  necessary  that  the  oven  should  be  quite 
clean,  and  the  scraper  consequently  saves  both  time  and  labour. 

Watering  ami  Cooling  the  Coke. — After  the  coke  has  been 
pushed  on  to  the  bench,  it  is  quenched  or  cooled  from  two  hoses, 
with  water  supplied  from  a  special  pump,  at  a  pressure  of  50 
pounds  to  the  square  inch.  The  coke  comes  out  of  the  oven  like 
a  solid  wall,  and  will  stand  up  while  being  watered ;  and,  when 
the  external  surface  is  no  longer  red,  it  is  pushed  over  and 
dragged  out  by  5  or  6  men.  It  is  most  important  that  the  coke 
should  be  spread  out  as  much  as  possible,  so  that  the  air  can  get 
at  it  and  cool  it.  It  is  then  again  watered  slightly,  and  this  is 
the  time  when  careless  watering  spoils  the  appearance  of  the  coke. 

The  writer  has  tried  many  methods  of  cooling  the  coke,  and 
finds  that  watering  it  when  standing  up,  is  the  best  way  to 
produce  a  good  appearance.  The  water  will  not  percolate  as 
far  as  the  centre  of  the  charge  of  coke ;  therefore  the  heat 
from  the  centre  drives  off  any  excess  of  moisture  on  the  outside 
of  the  wall  of  coke.  So,  if  the  interior  be  carefully  watered  when 
spread  out  on  the  bench,  there  is  no  reason  why  the  coke  should 
not  look  nearly  as  well  as  any  coke  made  in  beehive  coke- 
ovens.  The  higher  the  water-pressure  the  better,  as  it  is  possible 
with  a  verj'  high  pressure  to  force  the  water  almost  into  the 
centre  of  the  charge. 

The  quenching  or  cooling  of  the  coke  is  a  subject  which  is 
worthy  of  careful  study.  Several  arrangements  have  been 
tried  for  improving  the  appearance  of  the  coke,  and  reducing  the 
percentage  of  sulphur,  but  the  writer  has  no  knowledge  of  their 
practical  utility.  However,  he  believes  that  if  the  red-hot  coke 
were  pushed  into  a  suitable  box  or  chamber,  in  which  it  could 
be  quenched,  and  if  this  box  were  then  run  on  rails  to  a  screen. 
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where  the  ram  would  push  the  coke  out  of  the  box  ou  to  the 
screen,  the  large  coke  passing  over  the  screen  into  the  waggons, 
the  appearance  of  the  coke  might  be  improved  and  a  saving  of 
labour  effected.  It  seems  impossible  to  reduce  the  labour 
required  for  dealing  with  the  coke  after  it  is  pushed  out  of  the 
oven,  unless  it  be  done  in  this  manner. 

The  writer  has  considered  the  question  of  using  an  electric 
crane,  the  coke  being  filled  by  hand  into  a  bucket  which  would 
be  tipped  when  suspended  over  the  wagon.  He  found  that  this 
system  would  not  reduce  the  cost  of  labour,  as  the  number  of 
men  now  employed  would  not  be  decreased.  The  idea  of  pick- 
ing up  the  coke  by  means  of  a  grab  or  claws  has  also  been  con- 
sidered, but  it  is  not  thought  desirable. 

Charging  the  Coke-oven. — As  soon  as  the  coke-oven  is  ready 
to   receive    the    charge,    the    cake-chamber    is    put    in    position. 
Great  care  has  to  be  taken  to  set  it  exactly  opposite  the  oven, 
and  the  foreman  should  always  superintend  this  work.     As  soon 
as  the  cake-chamber  is  in  position,  the  hinged  side  of  the  box 
is   released   and   drawn   back   about   1    inch,    and   tixed   in    this 
position.     The  front  door  of  the  chamber  being  raised,  the  cake 
is  now  resting  on  the  sole-plate,  and  entirely  unsupported  at  the 
sides,  and  the  rack  of  the  sole-plate  having  been  thrown   into 
gear,   it  is   started  very   slowly,   and   as   soon   as   the   front   end 
of  the  cake  is  well  inside  the  oven  the  speed  is  increased,  and 
the  cake  rapidly  placed  in  the  oven.        The  back  door  of  the 
chamber,  which,  as  previously  explained,  is  attached  to  the  sole- 
plate,  is  withdrawn  by  means  of  two  screws  worked  by  a  worm- 
and-wheel,  and  when  it  is  far  enough  back,  the  oven-door  is 
closed  and  barred,  the  door  closing  over  the  top  of  the   sole- 
plate.     The  time  taken  is  about  2   minut€«  12   seconds.        The 
motor  is  now  reversed,  and  the  sole-plate  withdrawn  from  the 
oven  into  its  original  position  in  the  box  or  compressing-chamber. 
The  oven  being  very  hot,  the  sole-plate,  during  the  process  of 
loading,  takes  up  a  considerable  amount  of  heat  and  it  is  advis- 
able to  cool  it  down  with  water  directly  it  is  withdrawn  from  the 
oven,  as  the  heat  from  the  sole-plate  tends  to  diy  the  first  layer 
of  coal  of  the,  next  cake,  causing  it  to  give  way  and  fall  when 
being  placed  in  the  oven.     The  hinged  side  of  the  box  and  the 
end   doors   are   then   put   back    into   position,    and   stamping   is 
recommenced  at  once. 
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The  folding-doors  on  the  front  of  the  machine  are  intended 
to  prevent  the  cake  from  falling,  Avhen  being  placed  in  the  oven  ; 
but  owing  to  the  difficulty  of  fixing  them  in  consequence  of  the 
gas-pipes  being  in  the  way,  they  are  not  used,  and  there  is  really 
no  necessity  to  use  them  when  the  cake  is  properly  made. 

A  st-eam-hoist  is  fixed  neai'  the  large  hopper  for  elevating 
tlie  corves  to  the  top  of  the  box,  F,  on  the  ram,  in  order  to 
load  it.  This  hoist  will  be  used  in  the  case  of  a  breakdown  to 
the  creepers,  or  for  testing  the  weight  of  coal  charged  into  the 
oven  (Fig.  4,  Plate  III.).  This  hoist  is  also  capable  of  raising 
the  trams  from  the  bottom-level,  and  any  portions  of  the  cake 
which  may  break  off,  or  any  coal  lying  in  front  of  the  ovens, 
can  be  filled  into  corves  and  put  into  the  hopper  on  the  machine, 
so  as  to  avoid  any  waste  of  coal.  Corves  are  also  used  for  remov- 
ing the  daub  which  comes  off  the  oven-doors  when  they  are 
being  opened. 

Conclusions. — The  advantages  accompanying  the  use  of  the 
machine  are,  among  others :  (1)  It  is  a  labour-saving  appliance  ; 
(2)  it  produces  an  improved  quality  of  coke;  (3)  it  gives  an  in- 
creased output  of  coke  per  oven;  (4)  it  gives  an  increased  yield 
of  bye-products  ;  (5)  its  cleanliness  ;  (6)  reduced  wear-and-tear  of 
the  ovens,  owing  to  there  being  no  tramming  by  which  the  ovens 
are  often  much  shaken ;  and  (7)  facility  of  closing  oven-doors  on 
the  bench  side. 

(1)  The  saving  of  labour  arises  under  two  heads :  (a)  The 
machine,  being  made  to  travel  to  the  storage-hopper,  entirely 
dispenses  with  any  tramming.  This  arrangement  is  the  only 
one,  to  the  knowledge  of  the  Avriter,  where  the  small  hopper  on 
the  m.achine  is  loaded  in  anj'  other  way  than  by  means  of  corves, 
which  have  to  be  trammed  by  hand  to  the  machine.  This 
arrangement  saves  at  least  1  man  per  shift,  (b)  The  arduous 
work  of  levelling  is  entirely  abolished,  saving  2  men  per  shift, 
and  this  being  hard  work,  high  wages  are  paid  for  it.  Against 
these  savings  must  be  placed  1  extra  man  per  shift  employed  in 
working  the  stamper,  but  his  wage  is  more  than  compensated, 
for  by  the  increased  quantity  of  coal  which  can  be  placed  in 
the  ovens  when  charged  by  this  machine. 

(2)  The  improved  quality  of  the  coke  is  by  far  the  most 
important  point  to  be  considered.     An  experienced  person  can 
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tell  from  tlie  coke  (\Ylien  tlie  coal  is  loaded  in  the  ordinary  way) 
from  wliich  part  of  the  oven  it  has  come.  In  all  retort  coke- 
ovens,  the  coke  at  the  bottom  of  the  oven  is  hx  far  the  best, 
because  the  lowest  side-flues  are  the  hottest,  heat  is  also  trans- 
mitted from  the  sole  of  the  oven,  and,  moreover,  the  weight  of 
coal  above  this  bottom-layer  presses  it  down.  Consequently  good 
coke  is  nearly  always  made  at  the  bottom  of  an  oven,  even  if 
th3  top  or  greater  bulk  of  the  charge  be  of  an  inferior  or  sponge- 
nature.  From  this  point  upwards  the  gas  raust  bubble  through 
the  centre  of  the  charge,  and  causes  a  division  between  the  two 
sides :  this  line  varies  according  to  the  difference  in  tempera- 
ture of  the  side-walls.  In  some  cases,  the  separation  is  nearer 
one  side  than  the  other,  and  the  coke  becomes  less  dense  accord- 
ing to  its  position. 

When  the  cake  of  coal  is  placed  in  the  oven,  the  gas  seems 
able  to  pass  more  regulaidy  up  the  sides,  and  the  top  being  level 
it  has  fi'ee  access  to  the  ascension-pipe,  which  leads  to  the 
exhauster.  The  charge  being  more  or  less  of  a  solid  block,  the 
gas  does  not  seem  to  be  able  to  bubble  through  the  centre,  and 
frequently  the  coke  comes  out  in  pieces  of  the  full  width  of  the 
oA-en.  The  coke  from  a  properly  burnt  charge,  loaded  in  this 
way,  is  practically  all  good  strong  coke  and  can  be  sent  out  as 
of  first  quality.  It  is  of  immenseh'  improved  appearance,  and  of 
great  mechanical  strength.  When  the  tops  of  the  ovens  contain 
spongy  pieces  of  coke  such  as  are  not  fit  for  blast-furnace  coke, 
this  increases  the  labour  of  dealing  with  it ;  and  in  bad  weather  and 
at  night  time  it  is  diflicult  for  the  men  to  keep  the  bad  coke  out  of 
the  wagons.  Moreover,  the  more  of  these  pieces  that  there  are,  the 
more  breeze-coke  and  dust  will  be  made  when  loading  into  the 
wagons  or  falling  on  to  the  bench.  At  many  coke-oven  plants, 
additional  machinery  is  provided  for  breaking  up  the  spongy 
pieces  of  coke  and  riddling  them ;  and  it  is  impossible  to  do 
otherwise  where  the  percentage  of  breeze  is  large.  A  consider- 
able reduction  can  be  made  in  the  quantity  of  breeze  and 
spongy  coke,  if  the  temperature  of  the  ovens  are  high  and 
properly  M'orked,  bearing  in  mind  that  great  differences  exists 
between  various  coals. 

(3)  The  difference  between  a  full  hand-charge,  and  a  full 
machine-charge  is  an  increase  of  about  15  per  cent,  of  coke  per 
oven :   and  if  the  moisture  in  the  coal  were  less,  which  it  would 
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"be  if  tke  water  could  be  properly  mixed  with  the  coal,  it  would 
then  be  slightly  greater  (Figs.  10  and  11,  Plate  III.).  This  increase 
implies  that,  if  the  ovens  are  burnt  off  in  the  same  number  of 
hours,  the  plant  is  capable  of  producing  lo  per  cent,  more 
coke  than  it  was  originally  erected  to  do.  If  the  moisture  in 
the  coal  be  not  excessive,  and  if  the  temperatures  be  high,  there 
is  no  reason  why  the  coke  should  not  be  burnt  off  in  the  same 
number  of  hours  as  when  hand-charged,  as  the  gas  is  given  off 
more  regularly,  and  there  is  plenty  of  gas  to  heat  the  side-flues. 

(4)  As  there  is  more  coal  carbonized,  consequently  more  gas  is 
given  off,  from  which  the  bye-products  can  be  extracted.  When 
loading  the  oven  by  hand,  the  time  required  is  about  35  minutes, 
and,  deducting  from  this  the  time  taken  by  the  machine  there 
remains  over  o2  minutes  (or  about  1  per  cent,  of  time  required 
to  carbonize  the  coal)  during  which  the  charging-holes  and  doors 
of  the  oven  are  open  and  the  gas  given  off  is  being  wasted. 
Until  these  orifices  are  hermetically  sealed,  the  gas  cannot  be 
drawn  off  by  the  exhauster,  and  a  considerable  amount  of  gas  is 
wasted. 

(5)  As  there  is  no  running  of  corves  on  the  top  of  the  ovens, 
there  is  no  coal  left  lying  about,  and  during  the  process  of  charg- 
ing veiy  little  smoke  and  gas  is  given  off. 

(6)  The  ovens  are  not  shaken  by  the  running  of  the  corves  on 
the  top  of  them ;  and  this  is  of  importance,  as  the  slightest  vibra- 
tion will  cause  leakage  in  the  side-walls  of  bye-product  ovens. 
The  placing  of  the  cake  in  the  oven  does  not  cause  any  dsmage 
to  the  floor  or  sides. 

(7)  When  the  oven  is  loaded  by  means  of  the  compressing 
machine,  the  coke,  when  pushed  out  of  the  oven,  stands  up  in  a 
solid  wall,  and  does  not  break  up  and  fall  round  the  oven-door, 
and  prevent  it  from  being  shut  until  the  coke  has  been  cleared 
away  by  hand.  The  cooling  of  the  hot  coke  near  the  door  is  liable 
to  cause  damage  to  the  oven  and  the  door.  The  difficulty  of  shut- 
ting the  door  is  of  course  entirely  avoided  when  vertical  doors 
are  used,  and  the  writer  strongly  advises  their  adoption,  as  they 
are  far  superior  to  hinged  doors. 

It  is  essential  that  the  oven-walls  should  be  straight,  other- 
wise it  is  impossible  to  place  the  cake  in  the  oven,  or  to  push 
it  out:  and  if  the  width  becomes  much  contracted,  the  ram-head 
will  not  pass  through  the  oven. 
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The  coal-compressing  niachiue  at  the  Moncktou  Main 
collieries  is  the  largest  which  has  ever  been  built,  the  ovens 
also  being  larger  than  any  in  use  in  Germany,  where  the  machine 
is  now  being  adopted.  There  are  several  classes  of  machines : 
in  some  the  stamping-arrangement  is  stationary,  the  loaded  box 
being  taken  to  the  OA'en,  and  after  being  emptied  it  is  brought  back 
again  for  refilling. 

Although  improvements  might  be  made  in  this  machine,  with 
the  exception  of  a  few  weak  places,  it  has  given  every  satisfac- 
tion ;  and  other  engineers  are  adopting  coal-compressing 
machines  for  coking-plants  in  this  country. 

The  ovens  work  continuously,  so  that  there  is  practically  no 
time  for  repairs  to  and  renewals  of  the  machine,  and  the  writer 
has  suggested  that,  although  more  costly,  a  machine  fitted  with 
two  boxes  and  two  separate  stamping-arrangements  would  be 
an  improvement.  Several  machines  are  now  being  constructed 
to  stamp  with  a  wider  and  heavier  head,  and  at  a  greater  speed, 
so  that  the  cake  may  be  made  in  a  shorter  time,  and  the  machine 
conseciuently  able  to  do  more  work.  Xo  doubt  this  may  be  an 
improvement  in  some  ways,  but  there  may  be  a  difficulty  in 
admitting  the  coal  into  the  chamber  fast  enough  for  the  stamper, 
and  the  difficulty  of  overcoming  repairs  and  breakdowns  would 
still  exist. 

In  case  of  a  breakdown  of  the  machine,  the  ovens  can,  of 
€ourse,  be  loaded  in  the  ordinary  wa}' :  but  this  should  always  be 
avoided  as  much  as  possible,  owing  to  the  inferior  coke  which  is 
then  made. 


Mr.  C.  E.  Hhodes  said  that  he  had  great  pleasure  iu  ])roposing  a 
vote  of  thanks  to  Mr.  Ellison  for  the  admirable  paper  which  he  had 
read  on  this  very  important  subject.  He  had  no  doubt  that 
the  Simon-Carves  system  of  coking-  was  making  rapid  strides 
in  this  country,  and  as  time  went  on,  the  beehive  coke-oven 
would  become  a  thing  of  the  past.  There  was  much  to  be  learnt 
in  connection  with  the  working  of  bye-product  ovens,  and  the 
old  saying  that  "  an  ounce  of  practice  was  worth  a  ton  of  theoiy  " 
was  a  very  apposite  saying  in  connection  with  them. 
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Mr.  AV.   H.   Chambers   seconded   the  vote  of  thanks   to  Mr. 
Ellison  for  his  paper. 

The  resolution  was  agreed  to. 


The  members  then  inspected  the  sui-f ace- works  of  Monckton 
Main  colliery,  the  aerial  ropeway,  coal-compressing  and  stamp- 
ing machinery-,  etc.,  after  which  luncheon  was  kindly  provided  for 
the  members,  about  100  of  whom  attended,  bj*  the  Monckton 
Main  Colliery  Company. 

The  President  (Mr.  -John  Gerrard)  moved  a  vote  of  thanks 
to  the  Monckton  Main  Colliery  Company  and  to  Mr.  Ellison,  for 
their  hospitality  and  their  kindness  in  allowiug  the  members  the 
opportunity  of  visiting  the  collieries  and  works. 

Mr.  JoHX  Xevix,  in  seconding  the  resolution,  said  that  the  cok- 
ing processes  were  most  interesting,  and  the  method  of  charging 
the   coke-ovens    was   entirely   new. 

The  motion  was  agreed  to. 
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MIDLAND  INSTITUTE  OF  MINING,  CIVIL    AND 
MECHANICAL  ENGINEEES. 


GENERAL  MEETING, 

Hkld  at  the  Royal  Victoria  Station  Hotel,  Sheffield, 

March  30th,  1901. 


Mr.  JOHN  GERRARD,  President,  in  the  Chair. 

The  minutes  of  the  previous  General  Meeting  were  read  and 
roufirmed. 

The  following  gentlemen  were  elected,  having  been  previously 
nominated :  — 

Members — 

Mr.   Edward  James  Gomersall,  Mining  Lecturer,  Leeds  Technical  Scliool, 

St.  Andrew  Terrace,  Batley. 
Mr.  Edmund  Ledoux,  Engineer,  Simon-Carves  Compan}-,  Limited,  20  Mount 

Street,  Manchester. 


Mr.  M.  H.  Habershox  read  the  following  paper  on  "  A  Joint 
Colliery  Rescue-station  " :  — 
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A  JOl^T  COLLIEEY  RESCUE-STATION 


By  M.  H.  HABERSHOX. 


In  bringing  the  subject  of  colliery  rescue-stations  nnder  the 
notice  of  the  Institute  the  writer  would  refer  to  Mr.  W.  E.  Gar- 
forth's  ''  Suggested  Rules  for  the  Recovery  of  Coal-mines  after 
Explosions,"*  in  which,  in  a  footnote,  he  says: — "Probably,  in 
the  near  future,  groups  of  collieries  will  establish  and  support 
•central-district  depots  for  the  storing  of  '  collieiy-accident  appar- 
atus '  and  the  training  of  men  to  explain  and  nse  them."t  From 
the  various  discussions  on  this  paper  which  have  taken  place  at 
meetings  of  the  federated  institutes  it  seems  to  be  generally 
admitted  by  those  who  have  had  experience  in  recovery-work  that 
concerted  arrangements  are  extremely  desirable.  In  Explosions 
in  Coal-mines,  written  by  Messrs.  J.  B.  &  AY.  X.  Atkinson,  in 
1886,  a  suggestion  of  a  similar  nature  was  made. J 

It  will  be  convenient  to  quote  one  or  two  remarks  which  have 
been  made  in  the  discussions  above-mentioned  and  elsewhere. 
Mr.  J.  R.  R.  Wilson  said  that  "  every  one  who  had  taken  part  in 
exploration-work  could  not  but  be  impressed  with  the  necessity 
for  having  safety-appliances,  such  as  the  pneumatophore  and  com- 
pressed-oxygen cylinders,  immediately  available  for  use."§  Mr. 
Maurice  Deacon,  failing  to  get  other  colliery-owners  to  join,  had 
adopted  such  an  apparatus  himself.H  Mr.  J.  B.  Smith  remarked 
that  unless  such  apparatus  was  kept  clean  and  used  periodically, 
it  was  only  a  trap ;  and  stated  that  a  Fleuss  apparatus,  kept  for 
some  years,  was  found  to  be  of  no  further  use.**  Mr.  Fran/ 
Biittgenbach,  referring  to  the  explosion  at  Carolinengliick  col- 
liery, said  that  "  it  will  be  useful  to  have  oxygen  at  one's  disposal 
in  all  coal-mines,  to  be  used  in  cases  of  suffocation."tt     Mr.  J.  L. 

*   Tz-a^.s-.  Imt.  M.E.,  1S97,  vol.  xiv..  page  -19.5.  t  Ihid.,  pa^e  oO-J. 

X  Page  129.  §   Tnin-^.  Imt.  M.E.,  1S98,  vol.  xv.,  page  251. 

II  Ibid.,  1898,  vol.  xvi.,  page  116.  **  Had.,  page  117. 

t+  Revue  Univer.odh  dex  M{iie-<,  1898,  vol.  xliv. ,  page  262;  and   TrcDis.  Imt. 
21. E.,  vol.  xvi.,  page  TjSO. 
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Routledge  said  that  after  the  explosion  at  Micklefield  colliery, 
cylinders  of  compressed  oxygen  were  obtained  in  the  afternoon, 
and  were  the  means  of  saving  life.* 

In  the  restoration  of  Karwen  colliery,  in  1894,  Bremen  respir- 
ators were  used  successfully ;  in  these,  air  compressed  to  75  pounds 
per  square  inch  was  reduced  by  regulators  to  18  pounds  for  breath- 
ing, iron  reservoirs  containing  air  for  1|  hours'  breathing  were 
supplied,  and  Bristol  accumulator-lamps  were  used,  burning  6 
hours.  It  was  found,  however,  that  5j  cubic  feet  of  air  were  re- 
quired per  man  per  minute  or  15  times  as  much  as  for  ordinary 
breathing,  a  large  amount  of  air  being  required  for  cooling  and 
ventilating  the  mask,  whereas  2  to  3  cubic  feet  of  oxygen  will 
keep  a  man  alive  for  an  hour  while  exerting  himself;  this  vol- 
ume can  be  compressed  into  a  steel  bottle  of  ^  litre,  or  less  than 
a  pint,  the  cost  of  the  oxygen  being  about  6d.t 

Dr.  J.  S.  Haldane,  in  his  report  to  the  Home  Office  on  The 
Cause  of  Death  in  Colliery  Explosions  and  Underground  Fires, 
has  clearly  shown  that  in  the  great  majority  of  cases  the  actual 
cause  of  death  is  poisoning  by  carbon  monoxide,  and  that,  taking 
the  average  of  a  number  of  explosions,  some  77  per  cent,  of  the 
men,  whose  lives  have  been  lost,  might  have  escajjed  but  for  the 
deadly  nature  of  the  after-damp.  It  is  thought  that  the  majority 
of  miners  are  not  overtaken  by  after-damp  until  1  or  2  hours  after 
an  explosion,  and  there  is  no  doubt  that  men  in  the  coal-faces, 
who  have  been  out  of  the  immediate  range  of  explosions  which 
have  occurred  in  other  parts  of  the  pit,  have  lost  their  lives  in 
attempting  to  get  out  through  roadways  tilled  with  aft^r-damp, 
and  there  have  been  instances  of  men  who  have  lived  for  some 
hours  in  the  faces  after  explosions.  By  the  erection  of  sheets  for 
the  purpose  of  keeping  back  the  after-damp  it  has  been  suggested 
that  in  such  cases  the  period  of  possible  safety  might  be  prolonged 
considerably. +  Dr.  J.  S.  Haldane  points  out  that  after-damp 
may  cause  death  either  from  deficiency  of  oxygen  or  from  the 
presence  of  carbon  monoxide,  and  that  if  the  after-damp  be  quite 
free  from  air  or  oxygen  it  can  make  no  difference  whether  carbon 
monoxide  is  present  or  not,  since  carbon  monoxide  has  the  same 
action  as  deficiency  of  oxygen. 

*  Trails.  In-st.  M.E.,  voL  xv.,  page  2-51. 
t  Ibid.,  1895,  voL  x.,  page  558. 
X  Ibid.,  vol.  viii.,  page  189. 
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The  remedy  for  earbon-nionoxide  poisoning  is  tlie  adminis- 
tration of  oxYg-en,  and  Dr.  J.  S.  Haldane  lias  stated  that  "  the 
(juantity  of  oxygen  requii'ed  to  get  rid  of  enough  carbon  monoxide 
from  the  blood  of  a  poisoned  man  to  enable  him  to  walk  when 
breathing  air  woiild  vary  according  to  the  amount  of  carbon  mon- 
oxide absorbed.  But  for  an  average  quantity,  he  should  think 
about  2  feet,  or  say  10  minutes'  breathing,  would  be  about  the 
right  quantity.  A  few  breaths  would  probably  restore  conscious- 
ness, but  much  more  would  be  necessary  to  clear  out  the  blood 
sufficiently  to  enable  the  man  to  walk."*  Steel  cylinders  or 
bottles  capable  of  holding  4  cubic  feet  of  oxygen  (compressed)  can 
be  easily  carried  slung  over  the  shoulder,  and  will  furnish  enough 
oxygen  for  the  restoration  of  two  men. 

The  most  recent  form  of  apparatus  for  breathing  in  a  noxious 
atmosphere  by  means  of  compressed  oxygen  is  the  pneumato- 
phore,  a  short  description  of  which  by  Dr.  Fillunger  will  be 
found  in  the  Transactions. t  The  Waicher  pneumatophore  has 
been  described  by  Mr.  Richard  Cremer,+  and  a  more  recent  type 
is  the  Xeupert  rescue-apparatus. §  The  pneumatophore  is  largely 
used  in  some  of  the  coal-mining  districts  of  the  Continent.  It  is 
reported  that  at  one  colliery  in  Prussia  16  lives  were  saved  by  its 
use. II  The  value  of  the  pneumatophore  has  been  for  some  time 
generally  recognized  in  Austria.  By  an  Imperial  Regulation, 
dated  Vienna,  April  6th,  1897,  it  was  made  compulsory  that 
stations  must  be  provided  near  the  travelling  shaft  with  suitable 
apparatus  for  respiration  in  noxious  gases  and  a  responsible 
official  in  charge — a  definite  percentage  of  the  number  of  persons 
employed  being  trained  in  the  use  of  the  apparatus.**  In  Saxony, 
new  mining  regulations  come  into  force  on  April  1st,  1901,  re- 
quiring breathing  apparatus  and  portable  electric  lamps  to  be  kept 
in  readiness  at  collieries ;  and  at  the  Shamrock  colliery  in  West- 
phalia a  veiy  complete  organization  for  the  teaching  and  practice 
of  rescue-work  has  been  established. 

In  the  South  Yorkshire  district,  a  number  of  collierj'-oAvners 
have  provided  themselves  with  apparatus  comprising  one  or  two 
pneumatophores,  but  it  is  to  be  feared  that  their  value  in  an 

*   Tran.s.  IiPit.  M.E.,  vol.  xiii.,  page  288. 

t  Ibid.,  vol.  xii.,  page  693.  +  Ihid.,  vol.  xiv.,  page  575. 

§  Ibid.,  vol.  xvi.,  page 580.  il  Ibid.,  vol.  xvi. ,  page  99. 

**  Ibid.,  vol.  xiv.,  page  582. 
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emergency  will  be  considerably  less  tlian  it  should  be,  because 
men  are  not  being  trained  to  use  them,  and  in  fact  they  are  likely 
to  become  only  "  a  trap.'' 

Eeal  exploration  or  recovery-work  cannot  be  done  with  only 
one  or  two  pneumatophores  and  without  previous  practice  with 
the  apparatus  and  proper  relays  of  trained  men,  oxygen-cj'linders 
and  other  necessaries.  In  fact,  a  careful  consideration  of  the 
matter  soon  leads  to  the  conclusion  that  isolated  action,  unless  on 
a  very  complete  and  expensive  scale,  is  not  likely  to  lead  to  the 
desired  results. 

The  Midland  Institute  of  Mining,  Civil  and  Mechanical 
Engineers,  some  time  ago,  appointed  a  committee  to  report  on  the 
general  question  of  rescue-stations,  and  this  committee  have  sug- 
gested that  various  collieries  in  the  district  should  group  them- 
selves together  for  this  purpose,  but  so  far  nothing  further  has 
been  done.*  Mr.  W.  E.  Gai-forth,  however,  has  stated  that,  at 
the  AVest  Riding  collieries,  experiments  are  to  be  made  to  ascer- 
tain how  far  men  are  able  to  penetrate  into  noxious  gases,  and  that 
for  this  purpose  he  intended  to  use  a  gallery  about  100  feet  long, 
sufficiently  high  so  that  the  explorers  might  have  to  ascend  and 
descend  8  to  10  feet  as  would  be  the  case  with  a  fall  of  roof  in  a 
miue.t 

In  order  that  the  pneumatophore  may  be  of  real  use  in  any 
actual  work  of  rescue  or  exploration  it  is  essential  that  there  must 
be  at  hand  without  any  serious  lapse  of  time  not  only  a  number 
of  pneumatophores,  say  not  less  than  five,  all  of  which  must  be  in 
proper  working  order,  but  also  an  adequate  supply  of  compressed- 
oxygen  cylinders  and  bottles  of  caustic  soda,  and  a  number  of  men 
experienced  in  the  use  of  the  apparatus ;  unless  these  are  avail- 
able there  is  great  danger  of  the  apparatus  becoming  only  a  trap, 
and  the  contemplated  rescue  or  exploration-work  ending  only  in, 
failure. 

It  is  possible  in  many  large  towns  to  obtain  cylinders  of  com- 
pressed oxygen,  but  only  in  small  ciuantities,  as  no  stock  is  kept, 
and  often  notice  has  to  be  given,  and  sometimes  several  days  are 
required.  Compressed  oxygen  in  quantities,  such  as  would  be 
needful  for  the  purposes  under  consideration,  can  only  be 
obtained   from   the    oxygen   works   at   Manchester   or   Birming- 

*   Trait-s.  Iiist.  M.E.,  vol.  xviii.,  page  7-4. 
t  Ibid.,  vol.  xviii.,  page  4S3. 


128  A  JOINT  COLLIERY  RESCUE-STATIOX. 

ham.  The  dek^y  consequent  on  having"  to  telegraph  for  and 
await  the  arrival  of  a  supply  of  oxygren  would  probably  render 
any  proposed  use  of  pneumatophores  by  a  rescue -party  too  late  to 
be  of  any  use  in  saving  life ;  and  too  late  for  the  exploration-work 
which  is  generally  of  immediate  importance,  and  which  (although 
it  has  been  impossible  in  many  cases  that  have  happened  in  the 
past,  owing  to  the  deadly  nature  of  the  a'fter-damp)  should  not  in 
any  future  case  be  considered  impossible.  A  few  trained  men 
with  pneumatophores  and  electric  lights  and  a  proper  reserve- 
supply  of  oxygen,  etc.,  would  be  able  to  penetrate  any  atmo- 
sphere, however  noxious,  and  if  they  could  get  into  the  pit  during 
the  first  few  hours  after  an  explosion,  might  obtain  information 
which  would  be  invaluable  to  those  in  charge,  and  facilitate  the 
work  of  reaching  any  men  who  naight  be  shut-olf  from  access  to 
the  shafts,  and,  of  course,  render  assistance  to  any  men  met  with 
in  proximity  to  the  pit-bottom. 

It  must  be  remembered  that  although  fire-damp  explosions 
are  fortunately  now  comparatively  rare  in  this  country,  yet  as 
Mr.  W.  E.  Garforth  has  reminded  us,  "  it  is  often  the  unexpected 
which  happens,"  and  that  underground  fires  are  still  of  too  fre- 
quent occurrence. 

AVithout  referring  back  more  than  ten  or  a  dozen  years  it  will 
be  sufficient  to  recall  the  disastrous  underground  fires  which  have 
occurred  at  Maiirice  AVood,  Penicuik  collier^-,  in  1889  ;  AVhel- 
dale  colliery  in  1891 ;  Bamf  urlong  colliery  in  1892 ;  Great 
AVestern  colliery  in  1893;  and  at  .Snaefell  lead-mine  in  1897. 
And  there  have  been  other  cases  in  which  serious  loss  of  life  has 
been  only  narrowly  averted. 

The  possibility  of  fires  occurring  on  the  surface  to  the  heap- 
stead  or  buildings  in  close  proximity  to  the  downcast  shaft,  and 
the  air-current  being  fouled  by  smoke,  is  a  source  of  danger  of 
which  we  are  also  occasionally  reminded.  In  1899,  two  cases. of 
this  kind  happened.  At  Broomhill  colliery,  Xorthumberland, 
the  plant  around  the  pit-top  was  almost  totally  destroyed  by  fire 
in  ^  hour.  Fortunately  only  two  men  were  in  the  pit  at  the  time, 
and  they  were  able  to  effect  their  escape  by  means  of  a  day-drift. 
At  Binchester  colliery,  Bishop  Auckland,  the  heapstead  took  fire, 
and  200  men  who  were  underground  at  the  time  were  got  out  at 
the  other  pit.  In  the  Ostrau-Kai-win  district,  the  Mining  Police 
Eegulations  now  require  that  in  the  case  of  pits  provided  with 


A  JOINT  COLLIERY  RESC'UE-STATIOX.  129 

several  intake  Teutilatiiig-  shafts,  doors  must  be  erected  in  all 
levels  opening  into  any  sliaft  liable  to  be  endangered  by  fire,  to  be 
closed  in  case  of  a  sbaft-fire  in  order  to  isolate  the  shaft  from  the 
workings,  and  the  provision  of  reserve-doors  has  also  been  recom- 
mended for  all  intake  levels,  even  in  cases  where  there  is  only  one 
downcast  shaft.  To  provide  for  the  possibility  of  fires  occurring 
in  downcast  shafts  in  some  cases  exhaust- injectors  have  been 
fitted,  to  enable  the  ventilation  to  be  reversed  in  the  shaft  after 
the  stoppage  of  the  fan. 

The  comparative  immunity  from  gob-fires  which  has  hitherto 
been  a  feature  of  this  district  will  probably  become  less,  and  with 
greater  depths  and  inferior  seams  there  will  be  difficulties  to 
grapple  with — one  of  which  is  likely  to  be  an  increased  liability 
to  gob-fires.* 

The  rapidly  extending  use  of  electricity  for  the  transmission 
of  motive  power  underground  is  also  a  matter  which  demands  in- 
creased care,  and  the  fact  that  we  have  in  this  a  new  possible 
source  of  danger  in  the  event  of  short-circuiting,  or  insulation 
breaking  down  must  not  be  overlooked.  Mr.  AV.  X.  Atkinson 
has  lately  called  attention  to  this  in  his  presidential  address  to 
the  Xortli  Staffordshire  Institute  of  Mining  and  Mechanical 
Engineers. t  The  short-circuiting  of  an  electric  cable  resulted  in 
the  loss  of  16  lives  at  Hermenegilde  colliery,  in  Austrian  Silesia, 
on  January  14th,  1896.  In  this  case,  a  safety-lamp  was  found 
burning  in  one  of  the  stalls  near  the  body  of  an  asphyxiated  horse. 
This  disaster  could  have  been  prevented,  had  it  been  possible  to 
get  at  and  close  in  good  time  an  open  air-door,  inaccessible  on 
account  of  the  suffocating  atmosphere  in  the  heading.  In 
December  last,  at  a  colliery  near  Coventry,  10  ponies  were  suffo- 
cated in  the  underground  stables,  owing  to  a  fire  occurring  at  the 
switchboard  of  an  electrically-driven  pump,  3,000  feet  from  the  ^ 
pit-bottom.  At  a  West  Yorkshire  collieiy,  quite  recently,  a 
serious  fire  originated  from  an  underground  electric  motor. 

A  study  of  the  Reports  of  H.M.  inspectors  of  mines  reveals 
cases  of  suffocation  by  natural  gases,  in  which  sometimes  even  a 
single  pneumatophore  and  a  man  experienced  in  its  use  would 
have  been  of  the  greatest  possible  value.  For  example,  at  Ear- 
nock  colliery,  Xianark,  in  1898,  a  man  was  suffocated  by  fire- 
*  Trails.  In-M.  M.E.,  vol.  xviii.,  page  404. 
+  Ihid.,  vol.  XX.,  page  109. 
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(lamp,  and  8  hours  elapsed  before  his  body  could  be  recovered,  as 
all  who  attempted  the  rescue  were  affected  by  the  gas. 

The  above  considerations  have  induced  three  neighbouring 
collier}'  companies  in  this  district  to  take  steps  to  provide  a  joint 
central  rescue-station  for  their  respective  collieries.  It  has  been 
decided  to  erect  a  building  containing  a  room,  28  feet  by  15  feet, 
in  which  a  number  of  men  can  be  trained  in  the  iise  of  the  pneu- 
matophore  in  a  noxious  atmosphere ;  also  a  store-room,  overhead, 
for  the  various  apparatus  and  stores,  with  an  apartment  for 
changing  and  a  bath-room,  and  living  accommodation  for  the  care- 
taker. The  building  is  so  designed  that  it  can  either  be 
extended  or  converted  into  cottages,  if  at  any  time  it  should  be 
found  desirable  to  discontinue  the  station.  The  building  will 
be  in  telephonic  communication  with,  the  various  collieries  and 
centrally  situated,  and  also  suitable  for  purposes  of  instruction  in 
ambulance-work  generally,  including  the  administration  of  oxy- 
gen for  restoration.  The  station  will  be  in  the  constant  charge 
of  an  attendant;  and  it  is  hojied  for  this  purpose  to  secure  the 
services  of  a  retired  soldier  or  pensioner  who  would  be  able  to  act 
as  instructor  to  the  members  of  the  rescue-corps,  and  to  keep  the 
apparatus  and  stores  in~  proper  order. 

After  consideration  of  various  designs,  the  building  illustrated 
in  Figs.  1  and  2  (Plate  IV.)  has  been  adopted.  The  practice- 
room,  28  feet  by  13^  feet,  will  be  fitted  on  one  side  with  glazed 
windoAvs,  so  that  the  whole  of  the  interior  can  be  seen  from  an 
adjoining  corridor.  The  room  will  be  practically  air-tight,  and 
will  be  arranged  so  that  it  can  be  heated  and  filled  witJi  a  noxious 
atmosphere  :  an  open  stove  being  provided  for  this  purpose.  The 
building  will  be  lighted  by  electricity,  and  means  will  be  provided 
for  charging  portable  electric  lamps. 

The  station  will  be  vested  in  three  trustees  nominated  by  the 
subscribing  colliery  companies.  The  trustees  will  act  as  a  com- 
mittee of  management,  and  will  have  entire  control  of  the  station 
and  the  arrangements  coiuiected  therewith.  It  is  intended  that 
the  station  skall  contain  in  tke  first  instance  not  less  than  6  pneu- 
matophores,  each  complete  with  all  tke  necessary  fittings,  includ- 
ing 2  small  cylinders  of  compressed  oxygen,  1  bottle  of  caustic 
soda,  and  1  knapsack,  a  number  of  portable  electric  lamps,  not 
less  tkan  8  additional  oxygen-cylinders  of  36  cubic  inckes-(0'6 
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litre)  capacity  for  each,  pneumatophore,  a  supply  of  bottles  of 
caustic  soda  and  other  fittings  and  spare  parts  of  the  apparatus, 
o-oggles,  pressure-gauges,  thermometers,  and  apparatus  for 
m  ea-suring- work . 

It  is  desirable  that  the  station  skall'  eventually  contain  10 
pneumatophores,  this  number  being  considered  the  proper  com- 
plement and  sufficient  for  the  equipment  of  two  complete  lescue- 
parties.  The  station  will  be  started  with  a  feu  pneumatophores, 
and  the  number  gradually  increased,  as  it  will  be  better  to  train 
a  few  men  efficiently  than  to  have  a  large  number  only  partially 

trained. 

Constitution  of  Rescue  Corps. 

It  is  intended  that  a  number  of  deputies  and  workmen  shall" 
be  selected  from  each  colliery  or  pit  in  the  group — only  strong, 
healthy,  resolute  and  calm  men  who  are  fit  for  such  work  being 
chosen :  and  preference  should  be  given  to  men  who  habitually 
breathe  tkrough  the  nostrils.  And  it  is  desirable,  if  possible,  that 
the  men  chosen  should  be  holders  of  first-aid  certificates  or 
medallions  from  the  St.  John  Ambulance  Association.  These 
men  will  attend  practices  or  drills  with  the  apparatus  at  the 
station  until  they  become  sufficiently  experienced  and  have 
obtained  the  necessary  dexterity  in  the  use  and  handling  of  the 
apparatus,  when  they  will  be  enrolled  as  members  of  the  corps.  It 
is  expected  that  about  five  practices  will  be  required  for  this 
purpose.  A  list  of  the  names  and  addresses  of  efficient  members 
of  the  corps  will  be  posted  up  at  the  station  and  supplied  to  each 
colliery.  It  is  intended  that  a  sufficient  number  of  the  men 
employed  by  each  of  the  subscribing  companies  shall  be  trained 
so  that  eventually  each  colliery  will  have  a  rescue-party  composed 
entirely  of  its  own  men. 

In  framing  the  following  regulations  and  suggested  rules  the 
existing  arrangements  in  operation  at  Shamrock  colliery  have 
been  considered  and  adapted  to  the  local  conditions  where  thought 
suitable. 

A  rescue-jjarty  must  consist  of  six  efl&cient  members  of  the 
corps,  namely: — (a)  One  manager,  under-manager,  or  official  in 
charge ;  (h)  one  deputy  (or  official)  capable  of  taking  the  lead : 
and  (c)  four  other  members  of  the  corps.  It  is  desirable  that  a 
rescue-party  shall  consist  of  not  less  than  5  persons  when  in  the 
pit.     It  is  also  desirable  that  from  each  pit  or  seam  a  sufficient 
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number  of  men  be  enrolled  so  that  in  any  emergency  a  rescue- 
party  can  be  formed  irrespective  of  any  members  of  the  corps  who 
may  be  at  work  in  the  pit  at  the  time,  and  so  that  an  official  or 
deputy  who  has  a  knowledge  of  the  particular  workings  or  seam 
can  be  included  in  the  party.  In  the  case  of  a  colliery  or  pit 
working  three  seams,  with  separate  deputies  for  each  seam,  the 
members  should  include  two  deputies  from  each  seam,  not  em- 
ploj'ed  on  the  same  shift,  and  eight  other  men,  only  four  of  these 
being  usually  employed  on  the  same  shift. 

Members  of  the  rescue-corps  will  in  every  case  have  a  specially 
distinctive  "check  "  which  will  be  similar  at  all  the  pits  in  the 
group,  so  that  the  manager  at  any  pit  may  see  at  a  glance  what 
members  of  the  corps  are  available  at  any  time  by  simply  looking 
at  the  "  check-board  "  in  the  time-office  on  the  surface. 

Training  of  the  Rescue  Corjjs:    Proposed  Rules. 

(1)  It  is  suggested  that  if  possible  in  the  first  instance  prac- 
tices should  be  held  weekly.  Afterwards  it  is  probable  that 
monthly  practices  would  be  sufficient. 

(2)  Separate  practices  will  be  allotted  to  the  men  from  the 
various  collieries. 

(3)  As  a  rule,  five  practices  will  be  necessary  to  enable  a  man 
to  become  sufficiently  experienced  in  the  use  of  the  apparatus. 

(4)  Four  men  shall  practise  at  once.  Officials  or  deputies 
shall  practise  with  other  members,  as  occasion  arises  or  as  con- 
venient. In  5  weeklj-  practices,  4  men  will  thus  be  trained,  and 
in  25  practices,  20  men. 

(5)  Each  member  of  the  party  must  practise  with  the 
apparatus,  until  he  can  breathe  for  2  hours,  and  at  the  same  time 
perform  20,000  foot-pounds  of  work.  This  will  be  the  standard 
to  which  members  Avill  be  expected  to  attain  after  sufficient 
practice. 

(6)  Each  qualified  member  of  the  corps  will  be  expected  to 
attend  3  practices  every  year  at  the  rescue-station. 

(7)  Responsible  managers  will  be  expected  to  make  themselves 
thoroughly  acquainted  with  the  use  of  the  apparatus,  and  shall 
attend  at  least  one  practice  annually,  otherwise  the  full  useful- 
ness of  the  corps  will  not  be  attained. 

(8)  Before  each  practice,  the  construction  and  use  of  the 
apparatus  must  be  explained  by  the  instructor. 
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(9)  All  the  pneumatophores  in  the  station  shall  be  used  in 
rotation. 

(10)  Members  must  be  experienced  in  the  packing,  transport 
and  handling-  of  the  apparatus. 

(11)  Intimation  of  change  of  address  of  any  member,  or 
removal  to  another  collierj^  or  district,  must  be  forwarded  by  the 
collieiy-manager  to  the  caretaker  at  the  station,  within  one 
month. 

(12)  Lists  of  the  names  of  members  with  their  addresses  and 
places  of  work,  revised  up  to  date,  shall  be  kept  posted  at  the 
station,  and  shall  be  supplied  to  each  colliery-manager,  every  six 
months. 

A  periodical  inspection  of  the  station  will  be  made  by  the 
committee  of  management,  and  the  caretaker  will  be  required  to 
furnish  a  report  every  three  months,  giving  particulars  of  the 
stores  in  the  station,  and  the  condition  of  the  apparatus.  The 
managers  of  the  pits  will  be  required  to  see  that  at  least  one-third 
of  their  members  of  the  corps  are  at  any  time  aboveground. 
Their  attention  will  be  specially  drawn  to  Mr.  Garforth's  "  Sug- 
gested Rules  "*  and  they  will  be  requested  to  provide  themselves 
with  the  information  which  shall  be  included  in  the  "  Emergency 
Drawer,"  and  shall  see  that  this  is  available  at  anj'  time  on 
emergency. 

Special  regulations  will  be  drawn  up  in  regard  to  the  keeping 
and  care  of  the  apparatus  at  the  station.  Members  practising 
will  become  familiar  with  these,  and  the  officials  will  thus  be  able 
to  see  that  any  pneumatophore  which  may  be  stored  at  collieries 
is  kept  in  proper  order,  and  kept  supplied  with  the  necessary 
allowance  of  oxygen  and  caustic  soda  so  that  it  may  be  available 
if  suddenly  required,  and  not  become  merely  a  trap. 

Suggested  Rules  for  nctuaJ  Rescue  Worh. 

(1)  Members  of  the  rescue-corps  must,  on  receiving  intimation 
of  the  necessity,  proceed  at  once  to  the  place  where  rescue-wor]: 
is  required,  and  shall  place  themselves  at  the  disposal  of  the 
manager  in  charge. 

(2)  Every  member  of  a  rescue-party,  who  may  be  requisitioned 
by  a  manager  in  charge,  must  submit  to  the  control  of  the  leader 
cf  the  party,  who  must  be  either  a  manager,  under-manager. 

*  Trans.  Inst.  21. E.,  vol.  xiv. ,  page  504. 
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official  or  deputy  liaTinp;  a  tkoroiigli  knowledge  of  the  apparatus, 
and  also  a  knowledge  of  the  workings  wkere  rescne-work  is  re- 
quired. Xon-conipliance  with  this  rule  will  mean  exclusion 
from  the  party. 

(3)  The  leader  of  a  rescue-party  must  he  appointed  by  the 
manager  in  charge  of  the  mine. 

(4)  A  rescue-party  must  consist  of  six  members,  namely :  — 
(a)  one  manager  or  official;  (b)  one  deputy;  and  (c)  four  other 
members.  It  is  desirable,  when  undergnnmd,  that  a  rescue-party 
shall  consist  of  not  less  than  four  other  members,  besides  the 
leader  of  the  party. 

(5)  The  manager  or  official  (4a)  must  determine  whether  the 
intended  work  of  rescue  is  practicable  with  the  means  and  men 
at  his  disposal. 

(6)  Every  oxygen-bottle  must  be  tested  or  gauged  with  a 
pressure-gauge,  before  being  taken  away  from  the  store  at  the 
pit  or  from  the  station.  The  leader  of  the  party  (4&)  will  be 
required  to  see  that  this  is  done,  also  that  there  is  a  proper  supply 
of  caustic  soda  for  each  breathing-apparatus. 

(7)  The  apparatus  must  be  carried,  not  worn,  to  some  point  in 
the  pit  to  and  from  which  constant  intercourse  with  the  pit- 
bottom  can  be  kept  up.  The  apparatus  shall  be  put  on  and  made 
ready  for  use  at  this  point. 

'  (8)  The  leader  of  the  party  must  carry  nothing  but  the  breath- 
ing apparatus  and  an  electric  light.  The  two  men  following 
should  carry  any  light  tools  that  may  be  required  if  any  work  is 
contemplated,  such  as  fixing  sheets  or  opening  doors.  The  two 
men  in  the  rear  should,  in  all  cases,  carry  a  light  stretcher,  in 
order  that  any  member  of  the  party  can  be  easily  carried  back  if 
necessary. 

(9)  If  a  sixth  man  is  present  he  should  carrj^  restoratives, 
including  two  small  bottles  of  oxygen  and  an  indiamibber  bag  or 
bladder  for  inhaling  oxygen. 

(10)  As  soon  as  any  member  of  the  party  has  used  up  an 
oxygen-cylinder  the  party  must  retuiii. 


Mr.  W.  E.  Garfortii  (Xormanton)  said  that  he  had  great 
pleasure  in  proposing  that  the  best  thanks  of  the  members  be 
given  to  Mr.  Habershon  for  his  valuable  paper.     He  had,  with 
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the  concurrence  of  the  Council,  arranged  with  Mr.  Habershon 
that  his  paper  should  be  read  first,  and  that  towards  the  end  of 
.7  une,  the  actual  experiments  should  be  made  at  the  experimental 
station  at  Messrs.  Pope  and  Pearson's  colliery  at  Xormanton.  The 
experimental  drift  was  being  made  almost  a  facsimile  of  a  road  in 
a  pit,  after  hea^y  falls  had  taken  place,  with  a  rugged  pavement 
and  confined  spaces.  He  thought  that  it  would  afford  valuable 
information,  and  they  would  be  able  to  ascertain  whether  the 
rules  laid  down  by  Mr.  Habershon,  that  intending  explorers- 
should  be  able  to  breathe  in  a  vitiated  atmosphere  for  a  period 
of  2  hours,  pass  through  confined  spaces,  and  carry  a  weight,  for 
instance  the  body  of  a  fellow  explorer,  who  might  be  overcome 
and  require  to  be  carried  to  the  shaft,  could  be  actually  carried  out. 
Xo  doubt,  at  first,  the  men  would  be  glad  to  go  round  the  first  and 
second  section  of  the  galleiy,  and  pass  out  at  the  first  outlet.  In 
this  short  distance,  they  would  be  under  the  supervision  of  the  men 
outside,  their  lamps  woivld  be  seen  through  the  side  windows,  and 
they  Avould  be  within  reach  of  a  rope,  which,  on  pulling,  rang 
two  bells  and  at  the  same  time  located  the  position  in  which  the 
person  carrying  on  the  experiment  might  be.  There  would  be 
considerable  difficulty  in  maintaining  the  deleterious  gases  similar 
to  those  met  with  in  a  mine.  He  thanked  Mr.  Habershon,  on 
behalf  of  the  members,  for  the  great  trouble  that  he  had  taken  in 
Lis  paper,  which  would  be  read,  not  only  by  those  who  were  actually 
engaged  in  the  supervision  of  mines,  but  also  by  the  workmen, 
who  had  rendered  such  valuable  aid  in  the  past. 

Mr.  H.  St.  Johx  Durxfoed,  in  seconding  the  motion,  said 
that  he  had  purchased  three  pneumatopKores,  but  he  did  not  know 
whether  they  would  be  of  any  use. 

The  motion  was  agreed  to. 

Mr.  H.  B.  Xash  said  that,  if  a  practical  rescue-station  were 
established,  where  the  owners  could  see  the  benefits  to  be  deriA'ed 
by  a  local  centre  from  which  a  body  of  men  could  be  drawn  in 
case  of  accident,  to  quickly  restore  ventilation  and  other  matters 
in  connection  with  an  explosion  at  their  own  collieries,  the^- 
would  not  hesitate  to  unite  in  sections  and  establish  stations 
throughout  the  whole  of  the  South  Yorkshire  district.  The 
members  were  greatly  indebted  to  Mr.  Habershon  for  the  care 


136  DISCUSSION — UNDERGROUND  ELECTRIC  HAULAGE. 

that  \iv  had  taken  in  putting  before  them  so  valuable  a  paper,  with 
every  detail  carefully  worked  oiit. 

The  Presiiidext  said  that  there  was  a  vast  difference  between 
using  a  pneumato.phore  in  a  room  without  excitement  and  under 
normal  coijiditipjLS,  ^.  to  teniperaturey-aftd  climbiag  over  falls 
of  stone,  and  through  contracted  spaces  j in  the  roadways.  He 
would  expect  that  the  excitement  would  shorten  the  period  in 
which,  a  person,  should  be  permitted  to  use  a  pneumatophore. 
He  r,emejnbere:d  going  down  Bagillt  shaft,  when  it  was  being 
sunk  by  compressed  air  and  saw  the  marked  diiference  in  the 
effect  upon  the  workmen  employed.  But  that  sinking  was  very 
different  jfrpm  ,cond\icting  experiments  in  a  foul  atmosphere,  and 
the  arrangeiiiBnts, siiiQuld  be  well  considered. 

Mr.  "AV.  E:  G^auforth  thought  that,  in  the  lower  part  of  the 
Bagillt '  sinking,  onAy  3  per  cent,  of  the  workmen  were  able  to 
withstand  the  prefesikfe,  while  40  or  50  per  cent,  of  the  men  were 
ablef-^a  dbr  so  at  thie'  beginning. 

Mr.  M...^.i  Habi;rsiiox  said  that  there  had  been  a  great  deal 
of  practical  work  done  in  Westphalia  and  other  parts  of  the 
Continent  with  pneumatophores,  and  the  German  press  con- 
tained information  as  to  the  results  of  these  experiments. 
'Analyses  "had  ■•been  made  of  the  air  from  the  apparatus,  after 
men  'had-  iJeen  usiiig  it  for  1  or  2  hours,  or  longer,  and  the  pro- 
portion of  carbon  dioxide  had  never  exceeded  8*2  per  cent. ;  and 
in  n0^;<!ase  ha(d  tbe  .eftects  been  detrimental  to  human  life.* 
The  .y;0>lume;. of.  catn pressed  oxygen  was  sufficient  to  support  life 
for  6  .hf^,urS' ins; (an:--, ordinary  atmosphere.  Of  course,  if  men 
breathed  naturally  when  excited  the  oxygen  would  last  longer, 

but  men  used  more  oxygen  when  excited. 

ga.axM  io  :ic;k>eq''.'r ; 

Dim^'^m(m^'^'¥^'i^m.  a.  t.  thomsox's  paper  ox 

"UNDERGEOUND  ELECTEIC  HAULAGE  AT  MAX- 

Mr.  ,xV.  T.  Thomson,  repljnng  to  questions  a'slced" at  a  previous 
ineelingj..g§iid,Jbat  tbe  shaft;  was  dry,   and  he  hM  no  fear  of 

*  Traiia.  List.  M.E.,  190u,  vol.  xix.,  page  543. 
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moisture  breaking  down  the  insulation.  In  the  few  cases  where 
stress  had  come  upon  the  cables,  the  cleats  had  readily  drawn 
away  from  the  props,  and  allowed  the  cable  to  fall,  and  so 
removed  the  strain.  The  switches  at  the  pit-bottom  had  been 
found  useful :  the  cables  having  been  tapped  at  that  point  for  an 
electric  pump ;  and  in  case  of  a  breakdown  in  any  of  the  roads — 
no  one  being  present  near  the  other  switches — the  current  could 
be  switched  off  at  the  pit-bottom.  The  switches  at  the  junctions 
would  be  useful  in  case  of  accidents  to  the  cables  leading  to  the 
motor-station,  for  instance — one  motor  might  be  cut  off,  and 
the  other  left  on.  The  switches  placed  in  front  of  the  motors 
were  only  used  as  emergency-switches ;  and  when  the  switch- 
boards, or  electric  motors,  or  appliances  about  the  station  have 
to  be  examined,  they  can  be  examined  with  safety  instead  of 
being  examined  when  the  circuit  is  alive.  The  field-magnets 
were  left  excited  throughout  the  working-day  as  a  matter  of 
convenience.  The  reversible  motor  had  been  useful  in  such  cases 
as  a  "  flat "  in  the  way,  when  pulling  the  rope  for  coupling,  etc. 
The  switches  were  ordinary  link-switches,  with  cut-outs  and  fuses 
in  gastight  cases. 


DISCUSSION  OF  ME.  W.  HUTTON  HEPPLEWHITE'S 
PAPER  OX  "^THE  HEPPLEAVHITE  TAPERED  PIT- 
PROPS  AXD  BARS."* 

Mr.  H.  St.  Johk  Di  rxford  asked  whether  any  member  had 
used  tapered  props.  They  had  been  verj-  highly  recommended,  but 
they  did  not  appear  to  have  been  used  in  the  South  or  AVest 
Yorkshire  districts. 

Mr.  J.  R.  RoBiNSON-AViLSON  (H.M.  Inspector  of  Mines)  said- 
that  he  had  recently  seen  partly  tapered  pit-props  in  use  at  a 
West  Yorkshire  colliery,  and  was  advised  that  they  had  been 
employed  for  at  least  40  years. 

The  President  said  that  mining  engineers  were  using 
tapered  props,  and  these  must  be  economical,  or  their  use  would 
have  been  discontinued.  Two  collieries  were  using  tapered  props 
with  excellent  results. 

*  Trans.  Irut.   .\f.E.,   1899,  vol.  xix.,  pages  8  and  106,  1900,  vol.  xx.,  page 
214  ;  and  1901,  vol.  xxi.,  page  55. 
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Mr.  C.  Snow  said  that  he  had  successfully  used  tapered 
stretchers,  where  the  sides  closed  in  very  badly.  The  tapered 
ends  bruised,  and  by  so  yielding  before  the  closing  sides  of  the 
road-way,  prevented  the  stretchers  from  being  broken  in  the 
middle.  He  had  little  doubt  that  an  ordinary  stretcher,  with 
full-sized  ends  would  have  been  speedilj'  broken,  under  similar 
conditions. 

The  President  suggested  that  tapered  props  should  be  tried 
m  the  Barnsley  seam. 

Mr.  A.  T.  Thomson  said  that  tapered  props  were  being  tried 
at  two  or  three  collieries. 
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MIDLAISU  INSTITUTE  OF  MIXIXG,  CIVIL  AND 
MECHANICAL  ENGINEERS. 


ANNUAL  GEXERAL  MEETING, 
Held  at  the  Harvey  Institute,  Barnsley,  August  1st,  1901. 


Mr.  JOHN  GERRARD,  President,  in  the  Chair. 


The  minutes  of  the  previous  General  Meeting  were  read  and 
confirmed. 


Mr.  Scott  and  Mr.  Gill  were  appointed  scrutineers  of  the 
balloting-papers  for  the  election  of  officers  for  1901-1902,  and  for 
representatives  on  the  Council  of  The  Institution  of  Mining 
Engineers  for  1901-1902. 


The  following  gentlemen  were  elected,  having  been  previously 
nominated :  — 

Members — 
Mr.  William  Henry  Ball,  Colliery  Manager,   The  Flimby  and  Broughton 

Moor  Collieries,  Maryport,  Cumberland. 
Mr.    Peter    Darlington,   Colliery  Manager.    Featherstone   Main   Colliery, 

Pontefract. 
Mr.    Wm.    H.   Uyson,  Colliery  Manager,   Vyvers  Mines,  Libertad,  Chontales, 

Nicaragua. 
Mr.   John    Ieffery   Xicholl,   Mining  Engineer,    Fern   Lodge,  49,  Glenarn 

Road,  Clapton,  London,  X.  E. 
Mr.  Thos.  Richards,  Colliery  Manager,  Barnsley  Main  Colliery,  Barnsley. 
Mr.    Robert   Johnson    Shaw,    Colliery   Surveyor,   Barnsley  Main   Colliery, 

Barnsley. 

Associates — 
Mr.  Samuel  Brittain,  Colliery  Enginewright,  Mitchell  Main  Colliery,  near 

Barnsley. 
Mr.  Andrew  Crawford,  Mining  Engineer,  23  Blenheim  Road,  Barnsley. 


The   Annual   Report   of   the    Council   and   the   statement    of 
accounts  for  the  past  year  were  read  as  follows :  — 

13 
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1899-1900. 

1900-1901 

3 

3 

229 

237 

8 

8 

15 

13 

9 

11 

THE  COUNCIL'S  ANNUAL  REPORT. 

The  Council  Lave  pleasure  iu  presenting  to  the  members  of  the 
Institute  their  report  on  the  work  of  the  past  year. 

The  number  of  members  for  the  past  two  years  is  as  follows  :  — 


Life  Members 
Members 

Associate  Members 
Associates 
Students 

Totals 264  272 

From  the  table,  it  will  be  seen  that  the  membership  has 
increased  by  8  during  the  past  year. 

The  Council  regret  to  again  have  to  state  that  there  has  been 
during  the  year  some  irregularity  in  the  payment  of  subscriptions, 
the  arrears  now  amounting  to  £33,  due  from  22  members.  Of  the 
£19  10s.  arrears  of  subscriptions  due  for  1899-1900,  £4  10s.  have 
been  collected  during  the  past  year.  There  is  a  balance  in  the 
bank  of  £132  4s.,  against  £105  15s.  9d.  at  the  end  of  last  year. 

The  following  papers  have  been  read  during  the  year :  — 

"The  Simon-Carves  Bye-product  Plant  at  the  Monckton  Main  Colliery."   By 

Mr.  C.  C.  Ellison. 
"  Presidential  Address."     By  Mr.  John  Gerrard. 
"A  Joint  Colliery  Rescue-station."     By  Mr.  M.  H.  Habershon. 
"Underground   Electric   Haulage   at    Man  vers   Main   Collieries."      By    Mr. 

Arthur  T.  Thomson. 
"Notes  on  Sinking  to  the  Parkgate  Seam  at  Mitchell  Main  Colliery."     By 

Mr.  William  Washington. 

The  Council  have,  in  accordance  with  the  wish  of  the  members, 
forwarded  to  His  Majesty  the  King  a  resolution  of  condolence  on 
the  death  of  our  late  beloved  Queen  and  an  expression  of  allegi- 
ance to  His  Majesty,  which  has  been  graciously  acknowledged. 

The  Council  have  also  to  report  the  death  of  Mr.  T.  W. 
Jeffcock,  a  past-President,  and  one  of  the  oldest  members  of  the 
Institute. 
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The  ('ouucil  wish  to  call  the  members'  attention  to  the  Benevo- 
lent Fund  which  has  been  suggested  for  The  Institution  of  Mining 
Engineers,  based  on  the  same  lines  as  the  one  adopted  by  the 
Institution  of  Civil  Engineers,  whereby  acute  cases  of  distress 
amongst  the  members  could  be  to  some  extent  relieved.  With 
this  view  the  Council  issued  a  circular  in  April  last  to  each 
member  asking  for  donations  and  annual  subscriptions.  The 
replies  up  to  the  present  are  not  so  satisfactory  as  could  be  desired. 
The  Council,  however,  feel  that  the  members  onlj'  require  to 
have  their  attention  called  to  the  aims  of  the  fiind  for  them  to 
recog'nize  that  amongst  the  past  and  present  builders  of  the  great 
coal-industry,  there  must  be  some  who  are  deserving  of  assistance 
in  their  misfortunes.  The  Council  wish  to  point  out  that  the 
scheme  will  not  be  proceeded  with,  unless  it  is  substantially  sup- 
ported by  the  members  of  all  the  Institutes  connected  with  The 
Institution  of  Mining  Engineers. 

Xotices  have  been  issued  asking  the  members  to  join  in  form- 
ing rescue-stations  in  their  various  districts.  Up  to  the  present 
veiy  few  have  taken  up  the  matter  seiiously,  but  the  Council  hope 
that  a  great  many  more  will  be  induced  to  take  an.  interest  in  the 
matter.  AVith  a  view  of  increasing  this  interest,  the  Council  have 
accepted  the  oifer  of  Mr.  AV.  E.  Garforth,  of  Messrs.  Pope  &  Pear- 
son's West  Riding  collieries,  Xormanton,  to  have  a  joint  meeting 
with  the  Chesterfield  and  Midland  Counties  Institution  of 
Engineers  at  these  collieries,  in  order  to  inspect  an  experimental 
gallery  that  he  has,  at  considerable  expense,  erected  at  Altofts. 
'inis  meeting  will  probably  be  held  at  the  end  of  September,  and  no 
doubt  will  be  both  instructive  and  interesting. 

With  a  view  of  stimulating  the  reading  of  valuable  papers  the 
Council  have  decided  to  offer  a  premium  of  5  guineas  for  the  best 
paper  read  before  the  Institute  during  the  ensuing  year. 


Mr.  John  Xevin  moved  the  adoption  of  the  report  and  accounts. 
Mr.  G.  B.  Walker  seconded  the  motion,  which  was  agreed  to. 
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ELECTIO?^  OF  OFFICERS  FOE  1901-1902. 
The    Scrutineers    reported   the    result    of   the    election    as 


follows : 


President  : 
Mr.  John  Gerkard. 


Vice-Presidents  : 
Mr.  J.  E.  Chambers.  |  Mr.  H.  St.  John  Durnford. 

Mr.  Walter  Hargreaves. 


Mr.  C.  C.  P^LLisoN. 
Mr.  H.  E.  Gregory. 


Council  : 

Mr.  J.  L.  Marshall. 
Mr.  R.  Routledge. 


Mr.  M.  H.  Habershon.  |  Mr.  C.  Snow. 

Mr.  F.  W.  Hardwick.  Mr.  E.  W.  Thirkell. 

Mr.  Isaac  Hodges.  Mr.  W.  Washington. 

Mr.  H.  B.  Nash.  '  Mr.  J.  R.  Robinson  Wilson. 


The  President  (Mr.  J.  Gerrard)  said  he  was  sure  that  the 
members  lost  by  haviug-  au  outsider  at  the  head,  who  was  not  in 
touch  with  them,  but  as  they  had  conferred  on  him  the  distinction 
and  honour  he  would  sei-ve  them  again  for  one  more  year. 

Mr.  John  Nevin  moved  a  vote  of  thanks  to  the  President  for 
h  is  conduct  in  the  chair  during  the  past  year,  and  in  anticipation 
of  his  conduct  during  next  year. 

Mr.  W.  H.  Chambers,  in  seconding  the  proposal,  said  that  the 
members  appreciated  the  way  in  which  he  conducted  their  meet- 
ings. 

The  President,  in  thanking  the  members  for  their  vote,  hoped 
that  they  would  excuse  his  deficiencies  and  that  they  would  them- 
selves help  the  Institute,  because  he  was  not  resident  in  the 
district. 

REPRESENTATIVES  OX  THE  COUNCIL  OF  THE  INSTI- ' 
TUTIOX  OF  MIXING  ENGINEERS,  1901-1902. 
The    Scrutineers    reported    the    result   of    the    election    as 
follows :  — 

Mr.  C.  C.  Ellison.  '  Mr.  John  Gerrard. 

Mr.  H.  St.  John  Durnford.  Mr.  J.  Nevin. 

Mr.  W.  E.  Garforth.  I  Mr.  F.  N.  ^V■ARDELL. 


Mr.  W.  N.  Drew  read  the  following  paper  on  "  An  Instrument 
for  the  Automatic  Record  of  "Winding-operations  '' :  — 
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AX  mSTHUMEXT  FOE  THE  AUTOMATIC  EECORD  OP 
WIXDIXG-OPEEATIOXS. 


By  WALTER  NEWTON  DREW.  A.R.S.M. 


This  apparatus  for  tlie  automatic  record  of  wiudiug  opera- 
tions, the  invention  of  Mr.  William  Durant,  embodies  an  applica- 
tion of  electricity  to  record  at  any  distance,  permanently  and 
instantaneously,  the  signals  made  at  a  drawing-shaft  during  the 
day's  work. 

The  instrument  (Figs.  1,  2  and  •!,  Plate  II.)  consists  of  a 
paper-band  passing  at  a  constant  speed  beneath  a  pen  which 
records  the  signals  thereon  as  dots.  The  constant  speed  is 
imparted  to  the  brass  drum,  A,  by  means  of  clockwork.  The 
paper-band,  D,  is  constrained  to  move  over  the  drum  at  this 
speed  by  the  pressure  of  a  spring-roller,  E,  upon  its  upper 
surface,  slipping  being  thus  prevented.  The  drum,  C,  contains 
the  blank  band,  and  the  diaim,  B,  winds  up  the  dotted  band.  The 
drum,  B,  keeps  the  paper-baud  always  fairh'  taut,  owing  to  the 
action  of  the  string  passed,  somewhat  loosely,  round  the 
different-sized  wheels,  A  and  B. 

A  double-magnet,  M,  actuates  an  armature,  X,  which,  under 
normal  conditions,  is  held  up  by  a  spiral  spring.  A  prolonga- 
tion of  the  armature,  X,  depresses  the  pen,  F,  which  is  normally 
held  up  by  a  spiral  spring.  Thus,  on  passing  a  current  through 
M,  a  mark  is  made  on  the  paper-band.  If  the  current  "he 
momentary,  the  mark  is  a  dot,  and  these  dots  follow  one  behind 
the  other  on  the  band. 

A  double  magnet,  G,  when  a  current  passes  through  its  coils, 
depresses  an  armature,  H,  which  is  held  up  by  a  spiral  spring. 
This  motion  also  causes  the  pen,  F,  to  meet  the  paper.  In  this 
case,  when  the  current  is  broken,  however,  the  armature,  H. 
in  rising  causes  a  pav\l  attached  to  it  to  catch  a  tooth  of  a 
ratchet-wheel,  J,  and  to  move  it  round  through  a  small  angle. 
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This  motion  causes  the  pen,  F,  wliich  has  risen  at  the  same  time, 
to  travel  a  certain  small  horizontal  distance.  The  next  mark 
on  the  paper,  therefore,  will  not  only  be  slightly  behind  the 
first  but  also  slightly  on  one  side  of  it.-  When  the  pen,  F, 
actuated  in  this  way  by  the  magnet,  Gr,  has  travelled  to  one 
edge  of  the  paper,  it  is  dragged  suddenly  back  to  its  initial 
position  by  a  spiral  spring,  K.  The  wheel,  J,  has  nine  teeth 
on  one  side,  so  that  the  pen  makes  nine  dots  in  its  travel  across 
the  paper.  The  pen,  F,  therefore,  will  record  either  currents 
through  the  magnets,  M  or  Gr ;  but,  after  every  impulse  from 
the  magnet,  G,  it  moves  horizontally  into  a  new  position. 

The  paper-band  is  divided  by  faint  lines  into  5  minutes 
spaces,  and  T|  inches  length  of  band  represents  winding  ojiera- 
tions  during  1  hour  (Fig.  5,  Plate  II.). 

One  of  these  instruments  is  fixed  at  the  No.  2  shaft  of  the 
Tankersley  colliery,  in  the  engine-house,  but  it  can  be  fixed  in 
the  manager's  office  or  in  any  desired  position. 

Fig.  4  (Plate  II.)  is  a  diagramatic  representation  of  the 
shaft.  W  and  X  are  the  electric  signals  placed  at  the  top 
and  bottom  of  the  shaft  respectively,  and  Y  and  Z  are  the  hand 
signals  in  the  same  positions.  At  this  pit,  the  electric  signals 
are  used  exclusively  when  coal  is  being  drawn ;  and  the  hand 
signals  are  used  when  men  are  riding  in  the  shaft.  R  is  the 
recording-instrument,  with  the  magnets,  M  and  G,  acting 
independently  on  the  pen,  F.  S  is  the  bell  actuated  by  the  bottom 
electric  signal,  X :  T  is  a  relay ;  and  U,  U^,  U-  and  U^  are 
batteries.  V  is  the  bell  actuated  by  the  bottom  hand  signal, 
Z ;  P  P^  represent  the  back  of  the  indicator,  across  which  a 
pointer,  Q,  travels  on  an  endless  screw,  representing  the  position 
of  the  cages  in  the  shaft.  This  pointer  also  causes  (when  the 
cages  are  at  bank)  by  the  contact  of  brass  springs  at  P  or  P^, 
as  the  case  may  be,  the  passage  of  a  weak  current  from  the 
batteiy,  U^,  through  the  magnet,  M. 

The  action  is  as  follows  :  on  the  cages  coming  to  rest  at  the 
top  and  bottom  of  the  shaft,  respectively,  Q  stops  at  P^,  making 
the  brass  springs  at  P'  come  in  contact;  the  hanger-on  is  ready, 
and  presses  the  bottom  electric  signal.  X.  The  electric  current 
rings  the  bell,  S,  and  causes  the  relay,  T,  to  send  a  current 
through  the   magnet,   M.        The   magnet   depresses   the   pen,   F, 
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which  marks  the  paper.  Then  the  electric  current,  passing 
thi'oiigh  the  magnet,  M,  from  the  weak  battery,  U^,  though  not 
sutficient  alone  to  depress  the  armature,  X,  is  strong  enough  to 
hold  the  armature  down  to  the  magnet  when  the  momentary 
current  from  U^  has  brought  it  there.  Consequently  the  pen, 
F,  only  rises  from  the  paper  on  the  engineman  commencing  a 
wind ;  and  this  he  will  not  do  until  he  has  received  the  signal 
from  the  top  electric  signal,  W.  Hence,  a  wait  for  a  signal  from 
the  bottom  of  the  shaft  is  shown  by  a  blank  space  on  the  paper- 
band,  and  a  wait  for  the  top  signal  by  a  continuous  line.  As  a 
rule,  of  course,  the  record  consists  of  a  series  of  dots. 

When  men  are  being  drawn,  hand  signals  alone  are  used. 
The  hand  signal  from  the  shaft-bottom,  when  ringing  the  bell, 
V,  in  the  engine-house,  closes  the  electric  circuit,  U^,  momentarily 
each  time,  and  acting  on  the  magnet,  G,  causes  the  pen,  F,  to 
touch  the  paper.  Before  descending,  the  first  three  raps  by  the 
top  hand  signal,  Y,  are  not  recorded ;  the  answering  two  raps  from 
the  bottom  hand  signal,  Z,  act  on  the  magnet,  G,  and  are  repre- 
sented by  two  dots  placed  obliquely  on  the  paper-band ;  and  the 
final  two  raps  from  the  top  hand  signal,  Y,  are  not  recorded. 
Before  ascending,  the  first  three  raps  and  the  final  two  raps  of  the 
bottom  hand  signal,  Z,  are  recorded  as  three  and  two  dots  placed 
obliquely.  It  should  be  noted  that  the  use  of  the  electric  and  the 
hand  signals  is  not  in  any  way  interfered  with  by  the  apparatus. 

Fig.  5  (Plate  II.)  represents  a  portion  of  the  paper-band 
actually  in  use  on  July  12th  between  10*0  and  11*15  a.m. ;  a  is 
a  stand  of  the  winding  engine  for  the  top  signal ;  &  is  a  stand  for 
the  bottom  signal;  c  records  men  going  down;  and  d  records 
men  coming  up.     The  remaining  dots  represent  draws  of  coal. 

The  record  of  one  day's  coal-drawing  is  about  7  feet  long, 
it  should  be  removed  when  the  pit  stops  drawing,  and  the  instru- 
ment restarted  with  another  paper-band  the  next  morning. 
The  apparatus  can  be  adapted  to  the  signals  in  use  at  anj- 
colliery. 


The  President  (Mr.  John  Gerrard)  in  proposing  a  vote  of 
thanks  to  the  author  of  the  paper  and  to  the  inventor,  said  he 
understood  that  if  there  were  any  doubtful  signals,  the  instrument 
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coiitaiued  a  record  which  would  help  them  to  meet  contradictions 
such  as  they  had  had  in  the  past  and  might  have  again. 

Mr.  G.  B.  Walker  seconded  the  motion,  which  was  icordially 
approved. 

Mr.  Drew  said  that  the  instrument  recorded  the  exact  number 
of  cage-loads,  the  time  any  men  went  up  or  down,  etc. ;  and  was  a 
record  in  every  way  superior  to  the  ordinary  banksman's  report. 
At  Tankersley  colliery,  the  indicator  was  placed  close  to  the 
engineman.  It  would  be  particularly  useful  to  place  the  instru- 
ment at  work  in  the  manager's  office,  where  he  could  see  exactly 
what  was  happening.  He  did  not  think  that  dust  would  interfere 
with  the  working  of  the  machine,  which  could  readily  be  enclosed, 
a.^  it  was  about  8  inches  square.  The  electric  contacts  should  be 
tested  periodically;  but  they  had  had  no  difficulty  with  them  at 
Tankerslej'  colliery.  The  instrument  with  all  connections  cost 
about  £20. 


Mr.  Edward  Brown  read  the  following  paper  on  "  The  B.C.B. 
Instantaneous  Either-side  Brake  for  Railway  Wagons  and  similar 
Vehicles  "' :  — 
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THE    B.C.B.    IXSTAXTANE0U8    EITHEE-SIDE    BRAKE 
FOR  RAILAVAY  WAGOXS  AXD  SIMILAR  VEHICLES. 


By  EDWARD  BROWN. 


The  writer  of  this  paper  is  desirous  of  calling  the  attention 
Oi  members,  who  are  largely  interested  in  railway-wagons,  to 
the  following  regulation  recently  issued  by  the  Board  of  Trade : 

Rules  made  by  the  Board  of  Trade  pursuant  to  section'  1,  sub-section  (1) 
OF  THE  Railway  Employment  (Prevention  of  Accidents)  Act,  1900. 

I.— Within  five  years  from  the  coming  into  operation  of  these  rules,  brake- 
levers  shall  be  fitted  and  subsequently  maintained  in  good  working  order,  on  botli 
sides  of  wagons,  and  shall  be  so  placed  that  the  brakes  can  be  conveniently 
operated  upon  from  either  of  such  sides  ;  and,  after  the  expiration  of  such  time, 
no  wagon  shall  be  received  or  used  for  traffic  on  any  railway  without  brake-levers 
as  aforesaid. 

II. — No  wagon  constructed  or  re-constructed  after  the  expiration  of  twelve 
months  from  the  coming  into  operation  of  these  rules,  shall  be  received  or  used  for 
traffic  on  any  railwa}-  witliout  brake-levers  as  aforesaid. 

As  the  railway  companies  in  Great  Britain  own  about  700,000 
wagons  and  coal-owners  and  other  private  owners  about  000,000 
wagons,  the  writer  is  of  opinion  that  the  owners  of  private 
wagons  ought  to  have  some  voice  in  the  selection  of  a  suitable 
either-side  biake  (which  will  conform  to  the  regulation  issued 
by  the  Board  of  Trade)  to  be  fitted  to  their  own  rolling  stock, 
and  in  dealing  with  the  design  of  wagon-stock  generally. 

There  are  a  number  of  either-side  brakes,  several  of  which 
the  writer  has  seen  tested  on  empty  wagons  with  varying  results. 

The  B.C.B.  brake  has  been  designed  to  meet  the  require- 
ments of  the  Board  of  Trade  regulations,  that  is,  it  can  be 
applied  or  released  from  either  side  of  the  vehicle.  It  is  so  pro- 
portioned that  sufficient  pressure  can  be  applied  to  the  brake- 
blocks  through  the  levers  by  one  hand,  without  the  use  of  a 
brake-stick;  and  at  the  same  time  sufficient  travel  of  the  brake- 
blocks   is  obtained,  so  that  the  blocks  may  be  left  clear  of  .the 
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wheels  (this  clearance  should  not  be  less  than  j  inch,  and  §  inch 
would  be  better)  when  the  levers  are  in  the  "off"  position,  also 
enabling  the  connecting-rod  to  be  adjusted  by  moving  one  hole, 
before  the  levers  get  down  to  the  bottom  of  their  guards,  when 
the  brake-blocks  become  worn,  so  as  to  enable  them  to  be  used  up. 

Figs.  1  and  2  (Plate  III.)  represent  the  aiTangement  which  it 
is  proposed  to  adapt  to  new  wagons ;  and  Fig.  (i  shews  the  suggested 
arrangement  applied  to  existing  standard  one-side  wagons,  in 
order  that  no  portions  may  be  wasted. 

In  the  case  of  new  wagons,  a  strong  shaft,  A,  is  placed  across 
the  wagons,  having  a  hand-lever,  B,  secured  to  it  on  either  side. 
This  shaft  is  carried  by  a  cast-iron  bracket,  C,  bolted  to  each 
sole-bar,  D,  and  on  one  bracket  provision  is  made  to  can-y  a" 
series  of  pawls,  E,  (3  or  more  in  number).  On  the  cross-shaft, 
A,  a  cast-steel  ratchet,  F,  is  securely  keyed,  provision  being 
made  for  attaching  to  it  one  end  of  the  connecting-rod,  G. 
The  lever,  H,  to  which  the  push-rods,  I,  are  attached,  is  extended 
at  its  upper  end  and  attached  to  the  opposite  end  of  the  con- 
necting-rod, Gr.  The  brake  is  held  in  the  "  off "  position  by 
means  of  a  spring,  J,  coiled  on  the  cross-shaft,  A.  It  is 
obvious  that  a  counter-balance  weight  might  be  used  in  place 
of  the  spring. 

The  brake  is  applied  by  pressing  down  one  of  the  levers,  B, 
at  either  side  of  the  wagon  and  the  lever  at  the  opposite  side 
moves  in  unison  with  it.  Then  one  or  other  of  the  pawls, 
E,  which  are  of  varying  lengths  (shewn  in  Fig.  3)  engages  a  tooth 
of  the  ratchet,  F,  and  so  holds  the  brake  down  until  it  is  required 
to  release  it. 

The  brake  is  released  by  means  of  a  light  cranked  shaft,  K  K^ 
(carried  by  the  cast-iron  brackets  supporting  the  cross-shaft,  A. 
upon  which  the  ratchet  is  keyed),  fitted  with  a  short  handle,  h, 
at  either  side  of  the  wagon.  The  pawls,  E,  (Fig.  3,  Plate  III.) 
are  extended  beyond  the  notch  which  engages  the  ratchet,  and 
rest  on  the  crank-shaft,  K.  When  either  of  the  short  handles, 
L,  at  either  side  of  the  wagon  is  raised,  the  cranked  shaft,  K,  lifts 
up  the  paAvls,  E,  and  allows  the  spring  coiled  on  the  shaft.  A,  to 
raise  the  levers  and  hold  the  brake  in  the  "off  "  position. 

It  is  compajatively  easy  either  to  apply  or  release  this  brake, 
even  when  the  wagon  is  travelling  about  10  miles  per  hour. 
and  it  is  possible  to  do  it  at  12  miles  per  hour. 
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In  the  case  of  existing  wagons  (Fig.  6,  Plate  III.)  the  same 
cross-shaft,  brackets,  ratchet,  pawls  and  releasing-gear  are  used  ; 
but  the  present  standard  brake-lever  is  cut  at  M,  and  trans- 
formed into  two  levers,  coupled  together  by  a  vertical  link,  N, 
which  form  the  adjustment  to  take  up  the  wear  of  the  brake- 
blocks.  The  application  and  the  release  of  this  ])rake  is  the 
same  as  in  the  first  case,  all  movements  being  made  by  one  hand, 
and  no  brake-stick  is  required. 

Should  a  train  of  wagons  fitted  with  this  brake  run  loose, 
it  would  be  easy  for  the  guard  to  put  on  every  brake  as  the 
wagons  passed  him,  if  the  speed  did  not  much  exceed  12  miles 
per  hour. 

An  arrangement  has  been  devised  which  is  shown  in  Figs.  7, 
8  and  9  (Plate  III.),  whereby  the  brake  is  taken  off  by  either  of 
the  levers,  which  apply  it,  and  so  dispenses  with  the  light  cranked 
shaft  and  short  handles  at  either  side  of  the  vehicle.  In  this 
case,  the  ratchet,  F,  with  an  arm,  P,  cast  on  it,  is  placed  loose  on 
the  shaft.  A,  and  free  to  move  a  limited  distance  only.  A  finger, 
Q,  with  a  peculiar  shaped  extension,  K,  on  it,  is  securely  keyed  on 
the  shaft,  A.  Wheii  the  brake-lever,  B,  at  either  side  of  the 
vehicle  is  pressed  down,  the  finger,  Q,  engages  with  a  portion  of 
the  ratchet,  F,  and  applies  the  brake,  through  the  push-rods  in 
the  usual  manner,  and  is  held  *'  on  "  by  the  multiple  pawls,  E,  as 
previously  described. 

To  release  the  brake,  one  of  the  level's  at  either  side  of  the 
vehicle  is  raised,  and  the  peculiar  shaped  extension,  K,  on  the 
finger,  when  raised  sufficiently  high,  lifts  the  multiple  pawls,  E, 
and  releases  the  brake,  which  is  held  in  the  "  off  "  position  by  the 
coiled  spring.  A  flat  spring  is  fixed  in^  the  lever-guard,  to  cause 
just  sufficient  friction  of  the  levers  to  prevent  the  coiled  spring 
from  raising  them,  so  that  it  can  be  seen  at  a  glance  whether  the 
brake  is  "  on  "  or  "  off." 

Both  arrangements  are  in  daily  use,  and  work  satisfactorily. 

The  Associated  liailway-wagon  vSuperintendents  have  pre- 
pared standard  designs  for  wagons,  and  regulations  for  their 
manufacture  are  now  issued  from  the  Railway  Clearing-house 
and  enforced  on  the  private  owners  of  wagons,  although  in  many 
instances  individual  superintendents  do  not  themselves  comply 
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with  the  conditions  which  they  enforce  on  others.  It  cannot  be 
said  that  the  railway  companies  have  originated  all  the  improve- 
ments, or  that  they  are  always  thoronsrhly  conversant  with  the 
requirements  of  traders'  traffic. 

An  expression  of  opinion  from  the  members  as  to  the  right 
of  the  trader  to  have  a  voice  in  the  design  of  his  rolling  stock 
may  have  weight  in  preventing  the  adoption  of  rigid  standards, 
which  prejudice  any  improved  designs  or  entirely  prevent  them 
from  being  introduced.  Much  has  been  said  because  trading 
firms  do  not  adopt  trucks  of  greater  capacity ;  and  half-informed 
critics  complain  of  their  want  of  enterprise,  because  they  do  not 
cast  aside  existing  wagons  and  adopt  double-bogie  trucks  carry- 
ing 30  to  50  tons.  But  by  the  above-mentioned  conditions  the 
capacity  of  a  truck  built  for  a  private  firm  is  limited  to  10  tons, 
latitude  not  being  given  even  for  the  size  of  a  bolt.  8o,  if  a  trader 
introduces  any  improvements,  he  is  informed  that  his  wagons  do 
not  comply  with  the  standard  regulations,  and  that  they  will  be 
detained  until  altered. 


Mr.  H.  St.  John  Dfexfoed,  in  moving  a  vote  of  thanks  to  Mr. 
Brown  for  his  paper,  said  that  he  had  seen  the  brake  in  operation 
at  St.  John's  colliery,  and  he  had  got  one  at  Acton  Hall  collieiy. 
It  was  perfectly  true  that  the  railway  companies  put  every  obstacle 
in  the  way  of  the  adopti(m  of  the  brake  on  railways. 

Mr.  E.  Browx  said  that  at  the  present  moment  the  associated 
railway-companies  would  pass  nothing  but  the  standard  brake. 
The  Hull  and  Bamsley  Railway  Company  allowed  some  owners 
to  use  brakes,  which  were  not  of  the  standard  pattern,  but  other 
companies  would  not  allow  his  brake  to  be  used. 

Mr.  G.  B.  Walker  said  that  the  members  were  indebted  to 
Mr.  Brown  for  bringing  this  question  before  them.  He  thought 
that  the  notches  were  rather  small ;  if  the  wagons  were  bumped 
the  pawls  might  possibly  jam.  When  railway-wagons  were 
distributed  all  over  the  country,  and  had  to  be  repaired  at  a 
thousand  different  points,  it  was  a  great  advantage  to  have  uni- 
formity of  design.  If  the  standard  specification  was  deficient  in 
any  particular  the  traders'  communities  ought  to  represent  to  the 
railway-companies  that  this  alteration  should  be  made,  but  there 
could  be  no  question  that  the  rolling  stock  of  the  present  time  was 
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a  iremendous  advance  upon  that  of  20  years  ago.  The  introduc- 
tion of  spring-buffers  had  reduced  the  wear-and-tear.  He  was  not 
aware  that  any  brake  at  the  present  moment  had  satisfied  the 
Clearing-house  or  the  Board  of  Trade,  as  entirely  meeting  their 
requirements.  Mr.  Brown's  brake  seemed  to  be  exceedingly 
simple,  and  exceedingly  easy  of  application  to  existing  wagons. 
He  was  sure,  if  the  regulation  either-side  brake  was  not  strong, 
simple  and  effective,  that  it  would  not  lead  to  a  diminution  of 
accidents  to  railway-servants.  He  had  pleasure  in  seconding  the 
vote  of  thanks. 

The  vote  of  thanks  to  Mr.  E.  Brown  was  cordially  adopted. 

Mr.  E.  Brown,  in  responding  to  the  vote  of  thanks,  stated  that 
his  brake  would  cost  about  £2  more  than  the  present  standard 
brake.  He  thought  that  traders  should  have  a  voice  in  the  design 
of  the  wagon,  and  should  have  representation  on  the  Railway 
Clearing-house  committee  as  well  as  the  railway-companies.  At 
present  the  slightest  variations  from  any  standard  measurement 
was  sufficient  to  prevent  a  wagon  from  being  passed.    , 

Mr.  George  Dtjnston  remarked  that  coal-wagons  on  the  Con- 
tinent earned  12  to  15  tons,  and  as  a  private  owner  he  should  be 
glad  to  run  15  to  20  tons  coal-wagons.  They  would  be  loaded  in 
practically  the  same  time,  with  the  same  shunting,  and  would  be 
a  great  convenience,  just  as  it  was  a  great  convenience  to  use  10 
tons  wagons  as  against  8  tons  wagons.  He  had  some  wagons 
built  with  double  brakes,  and  the  railway  companies  gave  him 
notice  to  remove  them. 

Mr.  G.  B.  Walker  said  that  the  German  State  Railways  built 
fifty  30  tons  wagons  to  run  to  Hamburg,  but  the  wagons  were  not 
found  convenient,  and  the  order  had  not  been  repeated.  Pew 
British  collieries  were  prepared  to  load  long  trucks :  they  would 
not  go  over  their  points  nor  under  their  screens.  There  were  not 
many  coal-merchants  who  would  care  to  have  30  tons  of  coal  sent 
when  they  ordered  a  truck-load. 

The  President  said  he  understood  that  much  advantage  had 
been  occasioned  by  the  increase  of  wagons  from  8  to  10  tons ;  and 
whether  a  corresponding  advantage  could  be  got  by  going  from 
10  to  12  tons,  without  going  to  the  extreme  of  30  tons, "as  in 
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America,  was  matter  for  consideration.  It  seemed  to  liim  tliat 
it  would  be  an  advantage,  and  only  their  due,  for  traders  to  have 
representation  on  a  committee  to  settle  questions  relating  to 
wagons. 

Mr.  H.  St.  John  Duenford  moved  that  "  this  meeting  is  of 
opinion  that  the  Mining  Association  of  Great  Britain  should  repre- 
sent to  the  Board  of  Trade  that  coUieiy-owners  being  such  large 
owners  of  rolling  stock,  proposed  modifications  in  such  stock 
should  not  be  sanctioned  by  the  Board  of  Trade  without  consulta- 
tion with  colliery-owners." 

Mr.  John  Xevin  seconded  the  resolution,  which  was  adopted. 


A  paper  by  Mr.  Arthur  Kitson  on  "  The  Kitson  System  of 
Petroleum  Incandescent  Light  '  was  read  as  follows  :  — 
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THE  KITSON  SYSTEM  OF  PETROLEUM  INCANDESCENT 

LIGHT. 


By  ARTHUR  KITSON. 


Intrnd iidion. — A  long-  time  before  tlie  invention  of  tlio  incan- 
descent mantle  of  the  Welsbacli  type,  it  was  known  that  in  the 
romlnistion  of  illnminating'-g^as,  there  was  a  vast  amount  of  heat- 
energy  wasted,  and  that  this  amount  of  heat  was  sufficient  to  raise 
to  incandescence  a  much  greater  quantity  of  carbon-particles  than 
that  with  which  the  gas  itself  was  charged. 

Dr.  Frankland  showed  that  in  ordinary  coal-gas,  not  more  than 
6  per  cent,  furnished  the  light-giving  agent,  and  many  attempts 
were  made  to  utilize  this  wasted  energy  in  the  production  of  more 
light.  One  of  these  attempts  led  to  the  discovery  of  the  regenera- 
tive gas-burner,  in  which  the  waste  heat  was  made  to  do  the  duty 
of  heating  the  incoming-air  necessary  for  combustion,  and  a  very 
great  improvement  in  light  and  economy  in  consumption  was 
effected. 

More  than  12  years  ago,  in  a  paper  read  before  the  Franklin 
Institute  of  Philadelphia,  the  writer  showed  that  it  was  more 
economical  to  utilize  illuminating  gases  by  exploding  them  in  a 
gas-engine  attached  to  a  dynamo  and  to  produce  light  electrically, 
than  by  burning  the  gas  direct  in  the  ordinary  way.  V>\\i  the 
greatest  discovery  of  all  was  made  by  Baron  Auer  von  Welsbach, 
in  the  invention  of  the  wellknown  incandescent  mantle  bearing  his 
name;  in  this,  he  converted  luminous  into  non-luminous  gas  by 
the  use  of  the  Bunsen  burner,  and  obtained  light  by  means  of  the 
incandescence  of  the  mantle,  which  consisted  of  a  delicate  frame- 
work of  oxides  of  certain  metals  :  thorium,  zirconium,  cerium,  etc. 

The  results  that  have  followed  from  this  discovery  could  hardly 
have  been  foreseen  by  even  the  inventor  himself  ;  in  place  of  2  or 
3  candles  per  cubic  foot  of  gas,  it  became  increased  to  10,  and  has 
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reached  as  high  as  30  candles,  until  gas-lighting  is  now  quite  able 
to  hold  its  own  with  electric  lighting  both  in  respect  of  brilliancy 
and  cost. 

Whilst  these  discoveries  were  being  made  in  regard  to  illumi- 
nating-gases, and  enormous  economies  were  being  effected,  it  was 
not  generally  known  that  as  great,  if  not  greater  economy,  could 
be  obtained  by  the  application  of  the  same  principle  to  the  combus- 
tion of  oil.  AVith  the  invention  of  improved  Argand  burners, 
and  the  methods  of  supplying  air  to  the  inside  as  well  as  the  outside 
of  the  wick,  it  was  supposed  that  the  highest  possible  efficiency  had 
been  obtained  in  producing  light  from  oil.  The  average  consump- 
tion of  oil  in  regard  to  candlepower  with  the  best  of  the  wick- 
lamps,  is,  generally  speaking,  1,250  candles  per  gallon. 

The  Kitson  system  of  petroleum  incandescent  lighting  consists 
in  the  conversion  of  petroleum  into  a  vapour,  which  is  effected  by 
the  waste-heat  of  the  lamp ;  mixing  this  vapour  with  such  a 
volume  of  air  as  will  ensure  its  combustion  with  a  non-luminous 
flame  of  high  heating-power;  and  applying  a  mantle  to  the  flame  : 
the  result  being  the  production  of  an  exceedingly  brilliant  light. 

The  economy  effected  by  converting  the  luminous  oil-flame  into 
a  non-luminous  flame,  and  obtaining  light  by  incandescence,  is 
much  greater  than  in  the  case  of  luminous  gas.  Under  the  best 
conditions  ordinary  gas  would  give  10  candlepower  per  cubic  foot 
by  means  of  the  regenerative  burner,  and  under  the  best  conditions 
with  the  mantle  will  not  give  more  than  30  candlepower  ;  in  other 
words,  the  use  of  the  incandescent  mantle  under  the  best  of  condi- 
tions, has  improved  gas-lighting  from  10  to  30  candles  per  cubic 
foot. 

According  to  Dr.  Boverton  Redwood,  1,250  candles  per 
gallon  of  oil  is  about  the  maximum  obtainable  from  burning  oil  in 
the  ordinary  way.  Under  the  Kitson  system,  a  light  of  1,000 
candlepower  may  be  obtained  for  10  hours  with  1  gallon  of  oil,  or 
10,000  candlepower  for  1  hour. 

Kitson  Apjyaratus. — The  apparatus  connected  with  the  Kitson 
system  comprises  :  — (1)  The  tank  or  reservoir  for  the  oil ;  (2)  a 
small  conducting-tube  from  the  reservoir  to  the  burner ;  and  (3) 
the  lamp  in  which  the  oil  is  converted  into  the  vapour,  and  the 
requisite  amount  of  air  obtained  for  combustion.       The  tank  is 
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usually  made  of  sheet-steel,  capable  of  sustaining  a  pressure  of  100 
pounds  per  square  inch.  The  oil  in  the  tank  is  under  pressure, 
applied  hy  means  of  a  supply  of  air  that  is  forced  upon  the  surface 
of  the  oil  by  a  hand-pump. 

Each  tank  or  reservoir  is  provided  with  a  filter  for  filtering  the 
oil,  and  with  a  pressure-gauge.  The  size  of  the  conducting-tube 
varies  with  the  distance  of  the  lamp  fi'om  the  tank,  as  well  as  with 
the  number  of  the  lamps  that  are  to  be  supplied.  One  reservoir 
may  furnish  oil  for  almost  any  number  of  lamps.  The  average 
size  of  the  tubing  for  factorj^-installations  is  not  more  than  ^  inch 
in  internal  diameter.  These  tubes  are  flexible,  and  are  arranged 
similarly  to  electric-lighting  wires.  Each  tank  is  provided  with  a 
pump  for  pumping  the  oil  under  pressure,  so  that  the  same  air  is 
used  over  and  over  again.  The  oil  occupies  about  one-half  of  the 
space  of  the  tank,  the  upper  half  being  filled  with  compressed  air. 
The  normal  pressure  on  the  tank  is  about  50  pounds.  Each  tank 
has  also  a  check  or  safety-valve,  so  that  in  case  any  of  the  conduct- 
ing tubes  should  break,  the  sudden  rush  of  the  oil  from  the  tank 
closes  the  valve  and  prevents  any  spilling  of  oil. 

Each  tank  is  made  to  hold  a  supply  of  oil  to  last  about  T  days, 
where  the  lamp  burns  on  an  average  5  or  6  hours  per  day.  The 
lamp  consists  of  a  vapour-tube,  and  a  mixing-tube  through  which 
the  vapour  and  the  oil  are  conducted  to  the  burners.  The  burners 
are  of  the  ordinary  Welsbach  type,  and  one  or  more  mantles  are 
used  to  each  lamp.  The  vapour-tube  is  placed  immediately  over 
the  mantles  where  it  receives  the  full  heat  of  the  mantles,  and  of 
the  escaping  products  of  combustion ;  and  a  small  chimney  con- 
ducts away  the  products  of  combustion. 

The  vapour-tube,  which  is  virtually  an  oil-retort,  has  a  very  fine 
needle-hole  on  the  under  side,  and  near  one  end,  and  this  small 
hole  comes  exactly-  in  the  centre  of  the  mixing-tube,  so  that  the  oil- 
vajjour  in  escaping  downwards  into  the  tube,  carries  along  with  it 
a  sufficient  amount  of  air  for  its  combustion  like  the  ordinary 
injector.  The  vapoui'-tube  contains  an  inner  rod  or  tube,  known 
as  the  filler,  which  serves  to  collect  the  carbon-deposit  that  always 
takes  place  in  the  conversion  of  oil  into  gas  or  vapour.  Periodic- 
ally the  vapour-tube  is  taken  out,  and  the  filler  removed  and 
cleaned,  and  then  replaced ;  the  small  needle-hole  has  also  to  be 
cleaned  periodically,  as  it  is  liable  to  be  clogged  from  time  to  time 
by   particles    of    carbon.       The    amoimt   of    attention,    however, 
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required,  is  certainly  not  more,  if  as  much,  as  that  required  by  the 
ordinary  electric  arc-lamp. 

Another  essential  featui-e  of  the  apparatus,  is  the  means  for 
starting  the  lamp ;  this  consists  of  a  small  carburettor,  a  vessel, 
about  9  inches  long  and  about  4  inches  in  diameter,  filled 
with  absorbent  wool  or  cotton-wick,  which  must  be  periodically 
saturated  with  petroleum,  ether  or  gasoline.  This  carburettor 
has  a  small  tube  connecting  it  with  the  top  of  the  oil-reservoir, 
and  another  tube  running  from  the  top  connects  with  a  Bunsen 
burner,  which  is  placed  immediately  under  the  vapour-tube ;  and 
a  small  valve  opens  and  closes  the  air-supply  from  the  tank  to  the 
carburettor.  The  air  in  passing  through  the  carburettor  picks 
up  enough  oil  to  form  a  combustible  gas  in  the  Bunsen  biirner 
in  the  lamp,  and  is  ignited  either  by  an  electric  spark,  torch  or 
match. 

Modus  Operandi. — The  tank  being  properly  charged  with  oil, 
and  under  air-pressure,  the  small  air-valve  to  the  carburettor  is 
opened  and  a  supply  of  air  allowed  to  pass  from  the  carburettor  to 
the  Bunsen  burner,  and  the  lamp  is  then  ignited;  in  about  20 
seconds,  the  vapour-tube  is  sufficiently  hot  to  turn  on  the  oil.  The 
oil-valve  is  then  opened,  and  the  vapour  is  ignited  inside  the 
mantle  by  means  of  the  Bunsen  burner.  The  air-valve  to  the 
carbui'ettor  is  then  shut  off,  and  the  escaping  heat  from  the  mantles 
is  quite  sufficient  to  maintain  the  vaporization  of  the  oil,  as  long  as 
the  lamp  is  kept  burning.  The  plant  is  simple  and  complete  in 
itself ;  it  requires  no  skilled  mechanic  to  operate  it,  and  can  be 
transported,  set  up,  and  taken  down  in  a  few  minutes. 

Conchision. — The  quality  of  the  light  is  remarkable  in  several 
ways :  — (1)  It  presents  objects  in  their  natural  colours,  so  that  it 
is  almost  as  easy  to  distinguish  colours  as  by  daylight ;  (2)  the  light 
will  penetrate  a  fog  for  a  considerable  distance,  and  for  a  distance 
where  the  electric  light  is  totally  invisible ;  (3)  it  is  exceedingly 
diffusive,  and  does  not  throw  the  black  and  well  defined  shadows 
of  the  electric  arc.  This  is  due  to  the  fact  that  the  luminous  sur- 
face of  the  mantle  is  large  in  comparison  with  that  of  the  electric 
arc. 

The  advantages  of  the  Kitson  system  are :  — (1)  It  is  cheaper, 
both  in  first  cost,  and  in  cost  of  maintenance,  than  either  gas  or 
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electricity ;  (2)  it  avoids  the  iiiconveuience,  nuisance,  and  expense 
of  tearing  up  the  streets :  each  lamp  and  post  being  complete,  and 
no  connection  being  required  between  any  two  posts ;  (3)  an 
accident  to  one  lamp  does  not  interfere  with  the  burning  of  the 
others,  and  there  is  little  danger  of  streets  being  left  in  total  dark- 
ness, as  is  the  case  with  other  systems  of  lighting. 

The  light  is  being  fitted  into  a  British  lighthouse,  where  it  is 
expected  to  produce  results  greater  than  any  hitherto  obtained. 
Search-lights  are  being  constructed,  which  will  be  of  great  value 
in  military  operations ;  and  owing  to  its  extreme  lightness  and 
portability,  it  can  be  transported  much  more  readily  than  can  the 
electric  search-light,  which  necessitates  the  transportation  of 
machineiy,  boilers,  etc.  It  is  already  installed  in  the  lighting  of 
streets,  inside  and  outside  stores,  shops,  halls,  railway-stations, 
docks,  factories  and  similar  places.  It  will  also  shortly  be  intro- 
duced for  domestic  purposes,  as  a  table-lamp  has  already  been 
completed,  and  is  now  being  manufactured. 

iS^ow  it  may  be  said  that  petroleum-lighting  stands  at  least 
shoulder  to  shoulder  with  its  two  great  rivals  (electricity  and  gas), 
and  unless  some  vast  changes  are  about  to  be  made  in  the  reduc- 
tion of  the  cost  of  the  latter,  petroleum  will  be  able  to  compete 
successfully  with  both  of  them. 


TRANSACTIONS.  lt;i 


MTDLAXD  COUNTIES  IXSTITITTIOX  OF  EXGIXEEES, 
AXD  MIDLAXD  IXSTITUTE  OF  MIXIXG,  CIVIL 
AXD    MECHAXICAL    EXGIXEERS. 


JOINT  MEETING, 

Hkld  at  Messks.  Pope  &  Pearsons'  Altofts  Collieries,  Xokmantox, 

Septembee  19th.  1901. 


Mr.  JOHN  GERRARD  in  the  Chair. 


DEATH  OF  THE  PRESIDEXT  OF  THE  UXITED 

STATES  OF  a:m:erica. 

The  Chairman  (Mr.  John  Gerrard)  moved  a  vote  of  sympathy 
with  the  great  nation,  their  kinsmen  across  the  seas,  in  the  terrible 
calamity  which  had  occurred  by  the  death  of  their  President,  and 
with  the  family  of  Mr.  James  McKinley  in  their  sad  loss. 

The  motion  was  approved. 
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EXPERIMEXTAL   GALLERY  FOR   TESTING   LIFE- 
SAYIXG  APPARAXrS. 


By  W.   E.  GARFORTH. 


Some  years  ago,  it  was  proposed  by  certain  members  of  the 
Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers 
that  rescue-stations  shonld  be  erected  with  a  view  of  having  ready, 
in  case  of  accident,  a  number  of  men  trained  in  the  -nse  of  life- 
saving  apparatus  for  the  benefit  of  the  collieries  situated  in  the 
Sheffield,  Rotherham,  Barnsley,  Xormanton,  Dewsbury  and  Leeds 
mining  districts.* 

At  a  ]neeting  held  on  August  1st,  1899,  the  writer  suggested 
that  before  incurring  the  expense  of  a  number  of  rescue-stations 
in  the  districts  mentioned,  it  would  be  advisable  to  (1)  prove  the 
best  form  of  building  in  which  experiments  should  be  made,  and 
(2)  to  demonstrate  how  the  would-be-explorer  should  use  the 
apparatus  in  a  noxious  atmosphere,  with  and  without  exertion. 
It  was  subsequently  arranged  that  this  latter  suggestion  should 
be  carried  out,  and  the  writer  was  asked  to  construct  a  galleiy 
on  the  lines  he  had  suggested. 

The  total  length  of  the  gallery  is  150  feet,  with  a  capacity  of 
7,200  cubic  feet.  It  is  divided  into  three  parts,  the  shape  and 
construction  of  which  are  as  shown  on  the  accompanying  plan- 
(Fig.  1)  and  sections  (Figs.  2  and  3,  Plate  YIL).  The  first  section, 
A  B,  50  feet  long,  6i  feet  wide  and  7  feet  high,  is  used  as  the 
training-ground,  the  floor  being  level,  and  without  obstructions. 
It  is  furnished  with  four  inspection-windows,  and  three  exit- 
doors,  opening  outwards,  with  spring-fasteners,  and  the  least 
pressure  by  an  explorer  on  the  inside  of  the  gallery  causes  the 
door  to  open.     The  second  section,  B  C  D,  70  feet  long,  has  a  floor 

*  "  Report  of  Committee  upon  Recovery-stations,"  Traii-<.  lust.  M.E.,  1899, 
vol.  xviii.,  page  ~i. 
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or  pavement  composed  of  debris,  principally  rocks  and  stones 
from  a  sinking-pit,  and  numerous  obstructions  formed  of  broken 
timber  placed  irreg-ularly,  and  vrith.  confined  spaces  :  it  is  intended 
to  represent  the  roadways  of  a  mine  after  the  timber  has  been  dis- 
placed by  an  explosive  blast.  This  section  of  the  gallery  is  also 
fitted  with  six  inspection-windows  and  five  exit-doors.  Both 
sections  of  the  gallery  are  constructed  principally  of  wood  covered 
on  the  sides  and  roof  by  fireproof  brattice-cloth,  so  that  the  galleiy 
is  practically  gas-tight.  The  third  section,  A  E,  an  iron  boiler, 
30  feet  long  bj'  7  feet  in  diameter,  is  fitted  with  appliances  for 
initiating  an  explosion,  or  for  burning  coals  so  as  to  produce  fumes 
similar  to  those  given  olf  from  a  gob-fire. 

The  inspection-windows  are  placed  so  that  the  electric  lamp 
of  the  explorer  can  be  seen  from  two  of  such  windows  by  the 
watchman,  outside  the  gallery,  and  no  tests  are  allowed  to  be  made 
without  his  supervision.  The  exit-doors  are  intended  to  allow 
the  explorer  to  beat  a  quick  retreat,  in  case  of  feeling*  dazed  or 
overcome  by  the  noxious  fumes,  and  to  allow  the  attendant  to 
give  prompt  assistance.  The  doors  are  also  intended  to  be  used 
to  vary  the  condition  of  the  roadway,  by  throwing  in  additional 
timber  or  obstructions  during  the  ti'ial,  so  that  the  explorer  may 
not  know  the  kind  of  road  that  he  has  to  travel  or  the  obstacles 
that  he  has  to  overcome. 

The  gallery  is  further  supplied  with  three  safety-lamp 
chambers,  fitted  with  valves  and  glass-doors  for  the  purpose  of 
testing  the  effect  of  the  vitiated  atmosphere  upon  the  flame  of  a 
safety-lamp,  without  entering  the  gallery ;  also  two  sleeves  made 
of  stout  linen  in  order  that  a  thermometer  or  force-pump  can  be 
passed  through,  so  as  to  ascertain  the  internal  temperature,  with- 
out allowing  any  of  the  gas  to  escape ;  these  sleeves,  after  being 
used,  are  closely  tied  with  tape  so  as  to  prevent  leakage.  The 
gallery  is  fitted  with  a  number  of  16  candlepower  electric  lamps, 
or  sutficient  to  light  the  whole  of  the  gallery,  when  required. 

■  The  explorers  carry  a  pneumatic  horn,  similar  to  that  carried 
by  cyclists ;  it  is  frequently  sounded,  once  to  indicate  safety,  and 
twice  for  danger. 

Compressed  air,  and  gas  from  the  mains,  can  be  supplied  to 
the  third  section,  when  required,  to  increase  the  combustion  of 
the  fire,  and  for  the  purpose  of  producing  practically  the  same 
gases  as  those  generated  under  certain  conditions  in  a  mine. 
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The  gallery  is  filled  with,  noxious  fumes  by  means  of  a  brick- 
lined  furnace,  F,  in  which  timber,  sulphur,  leather  or  other  com- 
bustible matter  is  burnt.  The  fumes  are  conveyed  into  the  galleiy 
hj  12  inches  iron  pipes  connected  with  a  Schiele  exhaust-fan,  G,. 
driven  by  a  horizontal  engine,  with  a  cylinder  8  inches  in 
diameter,  and  the  usual  accessories.  The  main  valve-chamber 
is  arranged  so  that  the  gases  made  at  the  furnace  can  be  drawn 
into  the  gallery ;  and,  when  air  has  not  been  allowed  to  enter,  the 
atmosphere  has,  at  times,  been  so  dense  that  an  electric  lamp 
could  not  be  seen  at  a  distance  of  5  feet.  A  temperature  of  over 
100°  Fahr.  has  also  been  attained.  One  side  of  the  gallery  is 
connected  with  the  other,  by  means  of  an  underground  pipe,  A  G,. 
whereby  a  continual  circulation  of  gases  can  be  maintained ;  or, 
by  altering  the  valves,  a  certain  j^roportion  of  fresh  air  can  be 
admitted  to  dilute  the  atmosphere ;  or,  when  necessary,  the 
noxious  fumes  can  be  entirely  replaced  by  pure  air  :  the  whole 
arrangement  being  completely  under  the  control  of  the  outside 
attendant. 

The  officials  and  workmen,  who  have  been  engag-ed  in  learning 
the  use  of  the  life-saving  apparatus,  have  proved  that  they  can 
remain  in  the  galleiy  without  exertion  from  1  hour  30  minutes  to  1 
hour  40  minutes ;  that  they  used  very  much  less  oxygen  when 
accustomed  to  the  apparatus  than  in  the  earlier  trials,  when  they 
slipped  on  the  debris,  lost  their  equilibrium,  and  the  pipe  of  the 
pneumataphore  accidentally  fell  fiTim  their  lips.  Until  the  life- 
saving  apparatus  had  been  brought  to  a  greater  state  of  per- 
fection, it  was  impossible  to  withstand  the  deleterious  gases,  with 
which  the  gallery  had  been  filled,  for  more  than  12  or  20  minutes, 
when  exertion  (such  as  carrying  bricks  and  mortar  and  getting  over 
falls)  was  required.  It  therefore  seems  advisable  that  the  atmos- 
phere should  not  be  made  more  poisonous  than  already  produced,  , 
or  the  ill  effects,  which  the  men  have  suffered  in  the  ti'ials, 
would  become  more  serious  than  the  headaches  which  have 
hitherto  been  the  chief  complaint.  If  the  men  had  been  more 
seriously  aff'ected,  they  could  not  have  practised  the  process  of 
inhalation  as  often,  and  the  work  which  they  were  able  to  carry 
out  would  not  have  been  so  satisfactorily  perfoinned.  After  each 
trial,  the  explorer  had  recorded  in  a  book  the  time  that  he  had 
been  able  to  stay  in  the  galleiy,  the  state  of  the  atmosphere,  h{f> 
sensations,  etc. 
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The  life-saving  apparatus,  to  be  of  real  practical  Tahie,  should 
Tje  less  bulky  and  with  less  drapery,  which  is  liable  to  be  torn  by 
sharp  stones  and  debris.  An  automatic  anangement  for  the 
supply  of  oxyg-en  is  absolutely  essential,  so  as  to  allow  the  explorer 
to  use  both  hands  instead  of,  as  at  present,  having  one  hand 
occupied  in  regulating  the  oxygen-supply.  A  gauge  to  show 
the  pressure  of  the  oxj'gen  is  also  required,  and  two  oxygen- 
<?ylinders  are  necessary,  one  for  use  while  advancing  and  the  other 
when  retreating,  the  latter  being  of  special  importance,  in  order 
that  the  explorer's  retreat  may  not  be  cut  oif  for  want  of  oxygen. 
Further,  an  arrangement  should  be  provided  to  prevent  the  glass- 
spectacles  being  covered  with  moisture,  which  prevents  the 
■explorer  from  seeing  anything  in  front.  Several  improvements 
in  the  minor  details,  not  much  in  themselves  but  together 
tending  to  the  safety  and  convenience  of  the  explorer,  would  con- 
siderably enhance  the  utility  of  the  apparatus. 


Mr.  AV.  E.  Gaeforth,  after  having  welcomed  the  members 
in  the  name  of  Messrs.  Pope  &  Pearson,  Limited,  and  himself, 
said  that  the  object  of  their  visit  was  to  inspect  the  testing'-galleiy, 
and  to  give  to  each  member  an  opportunity  of  ascertaining  to 
what  extent  life-saving  apparatus  could  be  usefully  employed,  in 
•case  of  accidents  at  their  own  collieries.  The  members  would 
notice  that  the  roadway  of  the  gallei-y  was  uneven,  with  obstruc- 
tions—whilst all  experiments  in  the  past  had  been  made  in  rooms 
with  level  floors,  plenty  of  headroom,  and  no  fear  of  the  explorers 
damaging  themselves.  Under  such  conditions,  a  man  might 
stay  in  a  deleterious  atmosphere  for  h  hour  to  1  hour.  He  had 
proved  during  the  last  three  weeks,  with  the  same  noxious  atmo- 
sphere, that,  wearing  the  pneumataphore  and  keeping  perfectly 
quiet,  a  man  could  go  into  the  training-gallery  and  remain  1 
bour  and  40  minutes ;  passing  over  falls  and  obstacles,  and  carry- 
ing the  apparatus,  he  could  remain  20  minutes ;  and  when  caiTy- 
ing  three  bricks  to  build  a  stopping  to  keep  back  a  fire,  he  could 
only  remain  12  minutes.  The  galleiy  had  been  made  with  a 
number  of  inspection-windows  and  exit-doors,  so  that  the  explorer 
might  be  constantly  kept  in  view,  and  when  almost  overpowered, 
lie  could  at  once  be  assisted  out  of  the  gallery. 
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Fig.  2— Front  Elevation. 


Fig.  3.— Front  Elevation  of  Section  CD. 
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About  25  years  ago,  Mr.  C.  E.  Rhodes  aud  himself  entered  au. 
experimental  gallery  at  Barnsley,  filled  with  an  irrespirable 
atmosphere,  equipped  with  the  Deuayrouze  apparatus.  Since  that 
time,  he  had  tried  several  diit'erent  kinds  of  apparatus,  but  they 
had  all  been  discarded,  except  the  pneumataphore  and  the  Meyer 
helmet,  which  were  now  admitted  to  be  the  best  of  their  kind. 
At  one  of  the  largest  collieries  in  Austria,  Mr.  Meyer  with  8,000 
workmen  under  his  charge,  had  80  sets  of  apparatus  in  constant 
use.  The  mine  was  subject  to  gob-fires,  sometimes  two  or  three 
per  week,  and  the  Austrians  had  been  compelled  to  adopt  life- 
eaving  apparatus. 

The  workmen,  from  the  first,  had  taken  the  greatest  interest 
in  the  gallery  experiments.  He  had  explained  to  them  the  im- 
portance of  becoming  efficient  in  the  use  of  these  life-saving  appli- 
ances :  and  in  response,  they  had,  in  the  most  willing  manner,, 
repeatedly  tested  the  apparatus,  and,  in  so  doing,  had  under- 
gone great  fatigue.     Fortunately,  no  accidents  had  taken  place. 

The  programme  of  experiments,  to  be  shown  that  day,  was 
based  on  the  assumption  that  an*  explosion  had  taken  place  :  that 
the  downcast  and  upcast  shafts  had  been  disabled,  and  the  cages 
rendered  useless,  but  that  fortunately  the  electric  signal  from  the 
pit-bottom  was  intact :  and  a  message  stated  that  several  men  were 
near  the  bottom  of  the  shaft,  who  might  be  rescued.  TTnder 
these  conditions,  two  men  would  descend  from  the  upper  level  in 
a  horse,  or  cradle,  equipped  with  the  life-saving  apparatus.  The 
cradle  was  formed  like  a  saddle,  the  occupier  was  placed  into  a 
pair  of  trousers,  as  in  a  rocket-apparatus,  which  was  so  arranged 
that  a  man  had  been  turned  over,  without  being  thrown  out.  If 
a  man  was  placed  in  an  unconscious  state  in  this  cradle,  at  a  depth 
of  2,000  feet,  it  would  be  safe  to  send  him  to  the  surface.  Two 
men  would  afterwards  pass  into  the  galleiy,  they  would  travel 
round  the  roadways,  and,  on  their  way,  pick  up  a  dummy  man 
(dressed  like  a  miner  and  weighing  160  pounds).  Two  extra  men 
would  subsequently  follow  carrying  some  bricks  along  the  gallery, 
with  the  view  of  shewing  their  exhausted  condition  after  exertion. 
The  final  test  Avould  be  a  fire  in  the  third  section  :  two  men  would 
carry  a  fire-extincteur  to  the  fire,  and  endeavour  to  extinguish 
it.  Dr.  T.  Maxshall  Xicholson,  of  Leeds,  and  Dr.  Alister 
Mackenzie,  of  Leeds,  would  take  the  temperatures  and  pulses  of 
the  explorers. 
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The  experiments  and  illustrations  of  the  use  of  the  apparatus 
Avere  successfully  carried  out. 

Dr.  T.  Marshall  IS^icholson  (Leeds)  and  Dr.  Alister 
Mackenzie  (Leeds)  stated  that  they  had  recorded  the  pulse-rate, 
etc.,  of  the  men  during  the  four  experiments  made  with  the 
pneumataphore  and  Meyer  helmet  in  a  vitiated  atmosphere,  as 
follows :  — 

Xo.  1  E.rpei'iinenf. — Pulse,  before  going  into  chamber,  74  per 
minute ;  came  out  in  2  minutes,  pulse,  96 ;  re-entered,  pulse,  ^6 ; 
carrying  a  fire-extinguisher,  pulse  156. 

Xo.  2  Experiment. — Temperature,  before  entering,  97-2° 
Pahr. ;  after  entering,  99'8°  Fahr.  Pulse  increased  in  8  minutes 
from  96  to  120  per  minute.  Pulse,  without  helmet,  120  ;  and  after 
staying  1  minute,  144. 

Xo.  3  Experiment. — Pulse,  on  entering,  78;  increased  to  108 
on  leaving ;  re-entered,  108 ;  increased  to  148. 

Xo.  4  Experiment. — Pulse,  on  entering,  72;  increasing  to  99 
and  152,  owing  to  apparatus  being  defective.  Temperature,  on 
entering,  99'2°  Fahr. 

The  experimenters  complained  of  headache  (which  passed 
away  in  ^  hour  or  so)  and  of  nausea  and  giddiness,  and  there  was 
a  blueness  of  the  face  due  to  congestion  of  the  blood ;  but  these 
symptoms  will  not  have  any  permanent  eifect.  The  pulse-rate  is 
greatly  increased  in  each  experiment,  and  upon  taking  a  trac- 
ing with  the  sphygmograph  there  was  marked  dicrotism  shewn  in 
each  case,  pointing  to  cardiac  weakness.  The  causes  of  the 
increased  pulse-rate  may  arise  from  the  following  facts: — (1) 
Xervous  excitement ;  (2)  exertion ;  (3)  asphyxia  and  the  breath- 
ingr  of  putrefactive  matter  exhaled  from  the  lungs,  and  "not 
absorbed  by  the  sodium  or  potassium  hydrate  :  and  (4)  defective 
apparatus  allowing  the  entrance  of  noxious  vapour.  The  respira- 
tions were  also  increased,  but  not  in  so  marked  a  manner  as  the 
pulse-rate. 

Two  of  the  men  returned  from  the  chamber  almost  immediately 
upon  entering,  and  when  they  were  interrogated  as  to  the  cause, 
it  was  found  that  the  apparatus  was  faulty  ;  and  this  suggested 
that  the  apparatus  should  be  frequently  tested.     In  the  present 
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iipjjaiaius,  wliicli  is  a  very  excellent  one  iu  mauy  respects,  the 
medium  used  simply  absorbs  the  carbon  dioxide  and  does  not 
aliect  tlie  remainder  of  tlie  deleterious  material  exhaled.  It  is 
suggested  that  compressed  air  might  be  used  instead  of  oxygen, 
and  that  the  expired  air  should  be  allowed  to  escape,  through  an 
arran^gement  of  valves,  instead  of  remaining  in  the  bag,  and  being 
re-inhaled  into  the  lungs.  The  men  might  then  be  able  to  remain 
in  a  noxious  atmosphere  as  long  as  the  supply  of  compressed  air 
lasted. 

The  Chairman  (Mr.  John  Gerrard)  moved  a  vote  of  thanks  to 
Messrs.  Pope  &  Pearson,  and  to  Mr.  W.  E.  Garforth  for  the 
opportunity  which  they  had  afforded  the  members  of  seeing  the. 
experiments  with  life-saving  appliances  at  this  experimental 
station.  He  was  strongly  of  opinion  that  the  utmost  care  and 
caution  should  be  taken  while  using  safety-apparatus.  It  was  not 
desirable  to  carry  the  experiments  to  the  point  of  risking  life. 
In  his  experience,  he  had  seen  many  occasions  when  such  appli- 
ances could  have  been  usefully  employed  in  saving  both  life  and 
property. 

Mr.  J.  A.  LoNGDE>r,  in  seconding  the  resolution,  pointed  out 
that  much  progress  had  been  made  in  rescue-work  and  the 
fatalities  from  mining-accidents.  In  1850,  the  number  of  lives 
lost  was  5i  per  1,000  persons  employed ;  in  1860,  4i  ;  in  1870, 
■U  ;  in  1880,  2*  ;  in  1890,  2  ;  and  in  1900  only  U  lives  were  lost 
l^er  1,000  persons  emploj'ed :  these  figures  were  obtained  from  a 
diagram  recording  the  fatal  accidents  in  each  year,  and  the 
averages  showed  that  the  results  were  most  satisfactory. 

The  proposal  was  cordially  adopted. 

Mr.  A.  M.  Henshaw  (Stoke-upon-Trent)  said  that  although 
life-saving  appliances  had  not  come  into  general  use  in  this 
country,  and  so  far  might  be  considered  to  be  in  an  experimental 
stage,  there  were  many  uses  for  such  apparatus.  He  trusted  that 
the  time  was  not  far  distant  when  these  appliances  might  be  the 
means  of  saving  life  in  the  unfortunate  disasters  which  would 
inevitably  com«  upon  them — no  matter  what  they  might  do  to 
avoid  them.  He  thought  that,  in  every  colliery-district,  apparatus 
should  be  provided,  together  with  trained  men  capable  of  using  it. 
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The  tests  shown  to  the  members  indicated  that  an  experi- 
mental o-allery  couhl  be  used  as  a  training-o-round  ;  but  the  experi- 
mental galleiy  was  diii'erent  from  a  pit  alter  an  explosion,  where 
the  roads  had  fallen  and  possibly  were  about  to  fall  again. 

AVith  Mr.  John  Gerrard  and  Mr.  AV.  X.  Atkinson  (H.M. 
inspectors  of  mines)  and  Dr.  Haldane,  he  had  conducted  explora- 
tion-work after  an  explosion  and  in  connexion  with  gob-fires  at 
Talk-o'-th'-hill  colliery,  but  it  had  not  been  used  for  saving  life. 
The  possibility  of  using  such  an  apparatus  had  been  demonstrated 
to  them,  but  it  should  be  maintained  in  perfect  working  order, 
or  it  might  become  a  death-trap.  In  actual  practice,  travelling 
on  roads  after  an  explosion,  he  had  found  that  it  was  possible 
with  a  pneumataiDhore,  fitted  with  one  oxygen-cylinder,  to  pene- 
trate 420  feet  from  the  fresh  air,  into  a  noxious  atmosphere,  after 
the  roof  had  fallen  in  several  places,  and  with  -^  feet  of  water  in 
places  on  the  road  :  he  was  able  to  travel  that  distance,  and  obtain 
a  sample  of  the  gases  for  analysis  on  two  occasions,  and  with- 
out great  inconvenience  of  discomfort.  He  (Mr.  Henshaw)  also 
found  it  possible,  without  exertion,  to  wear  the  pneumataphore 
in  an  atmosphere  of  almost  pure  fire-damp  for  35  minutes ;  and 
he  might  have  stayed  a  little  longer,  but  he  feared  that  the 
oxygen  was  becoming  exhausted.  A  workman  had  been 
asphyxiated  in  the  same  atmosphere,  but  soon  recovered  after 
being  brought  out.  Dr.  -T.  S.  Haldane  analysed  this  sample, 
which  contained  :  — Carbon  dioxide,  0"o(j ;  oxygen,  0"15  ;  and  fire- 
damp, containing  a  little  nitrogen,  99'29. 

After  experience  in  actual  work,  he  was  bound  to  state  thai 
the  possibility  of  saving  life  was  not  so  real  as  it  appeared.  The 
distress,  resulting  from  wearing  the  apparatus,  was  acute :  when 
not  exerting  one's-self,  it  was  possible  to  wear  the  apparatus,  travel- 
ling slowh',  for  40  minutes ;  when  using  exertion,  travelling  over 
fallen  roadways  as  fast  as  possible,  over  fallen  debris  and  broken 
timber,  at  the  end  of  10  minutes  he  was  only  able  to  take  care  of 
himself  and  the  apparatus,  and  at  the  end  of  22  minutes,  the  pros- 
tration and  exhaustion  was  so  great  that  the  wearer  thought  it 
advisable  immediately  to  retire ;  and  at  that  time  he  could  not 
have  carried  more  than  two  bricks.  He  thought  it  would  be 
possible  for  a  man  to  handle  a  person  of  his  own  weight,  if  he 
reached  him  immediately,  and  drag  him  for  10  or  15  minutes ; 
but  if  he  had  been  wearing  the  apparatus  for  10  or  15  minutes 
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before  finding  the  person,  lie  would  be  so  exhausted  that  he  Avould 
have  great  difficulty  in  moving  the  body  for  any  distance  along  a 
road,  in  the  condition  usually  found  after  an  explosion.     In  his 

I  experience,  with  exertion,  after  22  minutes,  the  pulse  was  144,  and 
the  respirations  44  per  minute,  which  evidenced  the  great  distress 
that  was  experienced. 

It  was  essential  that  the  pueumataphore  should  be  fitted  with 

.  two  oxygen-cylinders — one  to  explore  with,  the  other  to  be  used 
on  the  return  journey.  He  had  once  when  using  the  pneu- 
mataphore.  found  his  single  oxygen-cylinder  exhausted,  but 
fortunately  there  was  sufficient  oxygen  in  the  bag  to  bring  him 
back  to  fresh  air,  much  exhausted.     It  was  easy  to  go  a  certain 

I  distance  :  and  when  one  oxygen-cylinder  was  exhausted,  the  man 
/should  know  that  he  had  an  equal  supply  to  take  him  back  again. 
The  wearer  of  the  pneumataphore  should  carry  a  reliable  electric 
lamp,  for  he  (Mr.  Henshaw)  had  experienced  great  inconveni- 
ence, when  carrying  only  one  electric  lamp,  which  went  out. 
Indeed,  it  would  always  be  advisable  to  have  another  man,  always 
behind  with  another  pneumataphore  and  lamp,  in  readiness  to 
follow  if  necessary. 

A  mouse  was  a  most  useful  little  animal,  when  exploring,  and 
as  a  safe  indicator  of  foul  atmosphere  was  not  so  generally 
appreciated  as  it  desei'ved;  but  the  jjneumataphore  was  of  use 
where  neither  mouse  nor  other  being  could  live.  With  an  electric 
lamp  and  a  mouse,  it  was  possible  to  effect  a  great  deal  of  undei- 
ground  exploration  without  a  pneumataphore. 

He  was  inclined  to  prefer  the  pneumataphore  to  the  Meyer 
helmet,  which  was  uncomfortable  to  wear,  and  a  man  travelling 
along  a  dangerous  and  fallen  roadway  would  not  see  enough  of  his 
surroundings  To  feel  confidence  in  his  own  security'.  The  atmo- 
sphere might  not  be  so  foul  as  to  affect  his  eyes,  without  a  mask 
or  goggles,  but  it  would  be  well  to  devise  an  apparatus,  affording 
greater  freedom  to  the  head.  The  wearer  of  the  pneumataphorj" 
might  have  the  mouthpiece  dragged  out  of  his  mouth,  or  if  he 
stumbled  or  fell  the  mouthpiece  might  be  lost.  He  suggested 
that  a  shield  might  be  placed  over  the  mouth  and  strapped  behind 
!    the  wearer's  neck. 

Dr.  J.  S.  Haldane  (Oxford)  said  that  there  Avas  scope  for  the 
use  of  an  apparatus,  like  the  pneumataphore  or  Meyer  helmet, 
when  dealing  with  fires  and  when  recovering  mines  filled  with  irrc- 
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spirable  gases.  The  distress  experienced  when  using  the  pneu- 
mataphore  or  the  Meyer  helmet  was  evidently  due  to  the  presence 
in  the  air  actiiallj-  breathed  of  -3  or  4  per  cent,  of  carbon  dioxide. 
He  suggested  that  the  apparatus  should  be  modified  so  that  the 
wearer  would  be  enabled  to  breathe  air  which  contained  not  more 
than  1  per  cent,  of  carbon  dioxide.  The  distress  was  more  severe 
when  working  than  M'hen  at  rest,  and  it  caused  in  many  persons 
acute  headache.  If  a  man  was  panting  and  had  a  bad  headache, 
he  was  not  fit  for  exploring  work. 

He  also  wished  to  point  out  that  there  was  very  serious  risk 
with  an  apparatus  of  this  type  in  using  oxj'gen,  which,  as  was 
very  commonly  the  case,  contained  a  considerable  proportion  of 
nitrogen.  About  10  per  cent,  of  nitrogen  was  often  present  in 
the  oxygen  with  which  the  steel-cylinders  were  filled.  This 
nitrogen  would  gradually  accumulate  in  the  bag  or  helmet,  so 
that  finally  the  person  using  the  apparatus  might  be  asphyxiated. 
He  would  probably  become  unconscious  without  realising  that 
anything  was  wrong.  It  was  of  the  greatest  importance  that  the 
oxj-gen  should  be  pure,  and  it  should  not  contain  more  than  1  or 
2  per  cent,  of  nitrogen.  He  was  informed  that  the  oxygen  used 
at  mines  in  Austria  was  speciallj-  prepai-ed,  and  contained  not 
more  than  1  per  cent,  of  nitrogen.  Pure  oxygen  was  safe,  while 
impure  oxygen  was  most  dangerous,  and  it  was  essential  that  only 
pure  oxygen  should  be  used. 

He  also  was  of  opinion,  that  with  an  electric  lamp  and  a  mouse 
or,  still  better,  a  small  bird,  such  as  a  canary,  a  large  amount  of 
exploratory  work  could  be  effected  without  using  a  pneumataphore 
or  helmet.  They  must  carefully  watch  the  conditions  under 
which  they  Avere  working :  in  fire-damp,  they  must  keep  the 
animal  at  or  above  the  level  of  the  head,  while  in  black-damp,  the 
animal  must  be  placed  below  the  head  :  and  in  some  cases,  it 
might  be  desirable  to  use  two  animals,  one  above  and  one  be-low 
the  head.  The  mouse  or  bird  could  often  be  taken  where  a  safety- 
lamp  could  not  go.  They  could  extend  the  sphere  of  operations 
with  a  mouse  or  bird  without  resorting  to  the  use  of  the  pneu- 
mataphore  ;  and  the  pneumataphore  or  the  Meyer  apparatus  could 
be  used  to  continue  the  explorations. 

Mr.  T.  H.  AVoRDSWOETii  (Xew  Moss  Colliery)  said  that  numer- 
ous difficulties  had  been  experienced  during  the  last  few  months 
in  dealing  with  underground  fires,  and  they  had  used  the  pneu- 
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inatapliore  undergrouud  ou  several  occasions.  It  was  found  that 
Avith  only  one  oxygen-cj-linder  there  was  danger  in  penetrating  too 
iar,  and  finding  that  no  oxygen  was  left  for  the  return  journey.  It 
was  also  found  that  a  man  could  not  work  a  longer  time  than  10 
minutes.  It  wa-s  very  useful  when  examining  roadways  in 
advance  ;  and  in  one  instance,  it  avoided  24  hours'  delay  when 
working  in  an  atmosphere  charged  with  fire-damp,  with  material 
under  foot,  which,  later,  broke  into  flame.  He  might  add  that 
the  portable  electric  lamp  had  proved  of  more  use  than  any  other 
appliance.  On  several  occasions  when  dealing  with  gas  in  road- 
waj's,  the  ventilating-pipes  were  inserted  in  a  few  hours,  with  the 
safe  light  of  the  electric  lamp,  an  operation  which  otherwise  would 
have  occupied  as  many  days.  He  approved  of  Mr.  Henshaw's 
suggestion  that  a  small  mask  should  be  coupled  to  the  tube  of  the 
pneumataphore,  so  as  to  fit  over  the  mouth  and  nose,  and  fastened 
with  an  indiarubber  band  ;  and  it  would  enable  the  wearer  to 
breathe  through  the  nose  as  well  as  the  mouth — a  great  advantage 
to  men  not  accustomed  to  breathe  through  the  mouth,  and  to 
whom  the  mere  fact  of  having  the  nose  closed  was  a  source  of 
great  distress. 

Mr.  G.  Blake  Walkee  (Taukersley)  said  that  the  pneu- 
mataphore had  been  found  exceedingly  useful  in  walling-off  gob- 
fires  at  the  Shamrock  colliery,  the  men  working  in  relays  for 
periods  of  about  15  minutes,  the  heat  being  too  great  to  allow  of 
their  remaining  longer.  He  thought  that  respiratory  appliances 
were  daily  being  improved  and  at  the  present  time,  another  type 
of  apparatus  was  being  elaborated,  which  would  obviate  many  of 
the  difficulties  which  had  hitherto  militated  against  their  success. 
He  hoped  that  they  were  on  the  threshold  of  some  discovery  which 
might  tend  to  the  salvation  of  valuable  lives  in  those  lamentable 
accidents  which  must  from  time  to  time  occur. 

Mr.  W.  E.  Gaeforth  said  that  the  members  had  seen  what 
<^ould  be  effected  with  these  respirators-  appliances,  and  he  hoped 
they  had  been  impressed  with  the  difficulties  to  be  overcome  in 
exploration -work.  If  an  explorer  went  into  a  mine,  equipped 
with  the  Meyer  helmet  or  pneumataphore,  estimating  that  he 
could  exert  himself  in  getting  over  falls  of  debris  and  remain  in 
a  noxious  atmosphere  for  1^  hours,  then,  in  his  opinion,  he  would 
find  he  had  run  into  a  death-trap.     Until  the  apparatus  had  been 
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made  more  perfect,  and  tlie  would-be  explorers  had  utidergone 
much  more  practise,  it  would  be  better  to  onh*  rely  on  an  explora- 
tion involving  a  stay  of  12  to  20  minutes.  He  hoped  that  the 
members  Avould  take  greater  interest  in  these  safety-appliances, 
as  he  believed  that  they  were  on  the  highroad  towards  obtaining 
a  successful  apparatus,  which  might  prove  useful  and  save  life 
under  certain  conditions.  If  this  meeting  should  result  in  the 
saving  of  a  single  life  then  they  would  be  amply  repaid  for  the 
trouble  which  had  been  taken  in  constructing  the  gallery  and 
accessories. 
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MIDLAND  IXSTITFTE  OF  MIXlXG,  CIVIL 
AXD  MECHANICAL  EXGIXEERS. 


GENERAL  MEETING, 

Held  at  the  Bfll  Hotel,  Wakefield,  November  1st,  1901. 

Mr.  JOHN  GERRARD,  President,  in  the  Ch.\ir. 


The  minutes  of  the  previous  General  Meeting-  were  read  and 
confirmed. 

The  following  gentlemen  were  elected,  having  been  previously 
nominated  :  — 

Member-s— 
Mr.  Georoe  Carew,  Electrical  Engineer,  Penaby. 
Mr.  Hexry   Stephex  Elliott,   Mining  Engineer  and  Surveyor,  Old   Coin 

Exchange,  Wakefield. 
Mr.  Joseph  C.    Warrix<;to>',  Mining  Engineer,  St.  John's  Collieries,  Nor- 

manton. 
Mr.    JoHX   Wainwright,     Colliery   Owner   and    Manager,    Howden   Clough 

Colliery,  Birstall,  Leeds. 
Mr.    Hiram  Baddiley,  Colliery   Manager,  Emley  Moor  Collieries,  Clayton 

West,  Wakefield. 

Associate  Mfmbers — 

Mr.  William  Pinckxey  Walker,  Mining  Engineer,  Barrow  Collieries, 
Barnsley. 

Mr.  Cyrus  Holliday,  Colliery  Owner,  East  Ardsley  Collieries,  near  Wake- 
field. 

Associate — 
Mr.    Jabez    Moore,    Assistant    Undermanager,    Ebenezer   Villa,    Conisbro', 
Rotherham. 


Mr.  E.  TV.  Claeke's  paper  on  "  Coal-mining  in  India  "  was 
read  as  follows  :  — 
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COAL-Mi:aXG  IX  IXDIA. 


By  E.   \V.  CLARKE. 


Dandot  Collieries. — The  writer's  first  experience  was  at  the 
Dandot  collieries  owned  by  the  Xorth  AVestern  State  Eailway. 
The  coal-seam  is  about  20  to  30  inches  thick  and  crops  out  on  the 
southern  scarp  of  the  Salt  Range  in  the  Xorthern  Punjab,  the  seam 
being  visible  for  a  distance  of  about  13  miles  along  the  range  from 
east  to  west.  The  coal-seam  dips  towards  the  plateau  on  the  top 
of  the  range  at  a  gradient  of  about  1  in  10,  and  is  won  by  adit- 
levels  or  day-holes  driven  into  the  hill  in  a  northerly  direction. 
As  miich  water  is  met  with,  a  water-level  has  been  driven  further 
<lown  the  hill  across  the  measures,  having  an  outward  gradient  of 
about  1  in  144.  This  level  is  generally  driven  to  hit  the  seam  at 
from  1,(jOO  to  1,500  feet  inbye,  and  when  it  is  completed  both  the 
water  and  coal  are  taken  cut  at  this  point. 

As,  however,  the  driving  of  the  drift  is  a  slow  and  expensive 
process,  a  large  quantity  of  coal  is  generally  won  from  the  upper 
level  before  the  water-drift  is  through,  and  as  this  upper  level  dips 
about  1  in  10  the  haulage  of  the  coal  and  pumping  are  a  source  of 
considerable  trouble.  The  writer  may  here  remark  that  the  coal 
for  many  years  has  been  worked  by  people  who  were  in  no  sense  of 
the  word  mining-engineers,  and  that  will  explain  many  of  the 
difficulties  that  had  to  be  subsequently  overcome. 

It  was  well  known  that  the  coal-seam  extended  for  a  consider- 
able distance  under  the  plateau,  but  instead  of  putting  down  a  gDod 
winding-shaft  in  the  middle  of  the  plateau  to  win  a  large  area  of 
rise  coal,  the  seam  had  been  attacked  at  seventeen  different  places 
along  the  scarp,  where  the  seam  was  visible.  Few  of  these  places 
were  connected  with  each  other,  and  it  will  easily  be  understood 
that  as  each  little  place  with  an  output  of  from  10  to  20  tons  per 
day  had  to  have  separate  arrangements  for  haulage,  ventilation 
and  pumping,  these  latter  arrangements  were  not  only  extremely 
unsatisfactory,    Init    enormously    expensive.       These    small  ■  pits 
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extended  for  a  distance  of  about  8  miles  along  the  southern  side 
of  the  hills,  and  were  served  by  a  30  inches  gauge  railway,  equipped 
with  small  locomotives  and  2  tons  steel  wagons. 

There  was  nothing  special  about  the  mining,  which  was  done 
on  the  longwall  principle,  except  the  miserable  conditions  under 
which  the  miners  had  to  work.  One  can  imagine  a  longwall  face 
with  a  seam  24  inches  thick,  a  very  bad  roof,  and  often.  2  or  3  inches 
deep  in  water,  with  an  atmosphere  so  charged  with  smoke  from 
open  kerosene-lamps  that  it  was  difficult  to  distinguish  any  object 
more  than  2  feet  away.  It  was  not  surprising  that  considerable 
difficulty  was  found  in  recruiting  labour  for  this  work. 

The  whole  of  the  mining  work  underground  was  let  to  a  firm 
of  native  contractors,  who  provided  the  necessary  labour  for  the 
coal-getting,  ripping,  packing,  timbering  and  maintenance  of  gob- 
roads,  and  bringing  the  coal  to  the  surface  for  a  rate  of  5  rupees 
per  ton,  or  Gs.  8d.  at  the  present  rate  of  exchange.  The  con- 
tractors supplied  all  tools,  and  oil  for  the  miners'  lamps,  and 
guaranteed  in  the  case  of  injury  to  keep  the  man  till  he  was  fit 
again  for  employment. 

It  was  surprising  to  find  that  there  were  no  rails  or  tubs  in  the 
pit,  the  coal  being  carried  out  to  bank  in  bags,  holding  about  80 
pounds  of  coal,  on  the  men's  shoulders,  up  a  road  about  3  feet  high 
with  a  rise  of  1  in  10.  The  reasons  for  this  were  peculiar.  The 
average  earnings  of  the  miners,  who  were  sub-contractors,  were 
about  6d.  a  day,  and  a  skilful  miner  would  get  perhaps  about  G 
cwts.  of  coal  per  day.  It  was  found,  when  tubs  were  used  and  the 
coal  taken  to  a  passbye,  that  trammers  would  empty  coal  from 
another  tub  on  to  their  own  :  and  it  often  happened  that  a  man  who 
had  done  no  work  at  all  would  have  more  money  to  draw  at  the 
week-end  than  a  man  who  had  been  working  hard  at  the  coal-face. 
The  miners  therefore  absolutely  refused  to  leave  their  coal  to  the 
tender  mercies  of  their  fellow-workmen  and  each  miner  employed 
his  mate  to  carry  the  coal  to  the  surface,  where  he  sat  beside  it  till 
it  was  weighed  and  credited  to  him,  when  he  returned  to  the  coal- 
face with  his  empty  bag  for  a  fresh  load.  The  only  remedy  for 
this  system  was  to  place  a  weighing-machine  and  a  clerk  at  every 
passbye,  and  as  this  was  for  obvious  reasons  impossible,  the  system 
which  the  writer  has  described  remained  in  force.  If  the  miners 
had  been  permanent  employees  no  doubt  a  modus  vivendi  could 
have  been  adopted :  but  as,  owing  to  the  unhealthy  and  uncomfort- 
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able  conditions,  a  miner  rarely  stayed  more  than  a  few  months, 
it  was  impossible  to  modify  the  system  to  any  great  extent. 

The  contractor,  as  a  rule,  would  recruit  all  the  able-bodied 
men  from  a  frontier-Tillage  to  work  during  the  months  when  agri- 
cultural operations  were  suspended,  and  as  it  often  happened  that 
blood-feuds  existed  between  different  villagers,  care  had  to  be 
taken  to  segregate  them  as  much  as  possible,  though  as  a  rule  there 
was  a  tacit  understanding  that  these  little  matters  should  stand 
over  till  the  different  parties  returned  to  their  homes,  just  as  the 
Afghan  tribesmen  agree  to  sink  their  diff'erences  when  a  British 
expedition  crosses  the  frontier. 

As  the  outcrop  of  the  coal-seam  was  about  2,300  feet  above  the 
plain  at  Kalapani,  where  the  terminus  of  the  broad-gauge  railway 
was  situated,  it  was  a  matter  of  considerable  difficulty  to  convey 
the  coal  to  this  point.  Though  the  management  of  the  collieries 
up  to  this  time  might  call  for  a  good  deal  of  criticism,  there  is  no 
doubt  that  the  carriage  of  coal  from  the  top  to  the  bottom  of  the 
mountain  had  been  tackled  in  a  masterly  manner.  A  30  inches 
gauge  railwaj'  ran  along  the  outcrop  of  the  coal-seam  for  a  distance 
of  about  8  miles.  The  coal  was  brought  by  small  -locomotives  in. 
trains  of  12  cars  to  a  central  station  and  taken  thence  by  three 
inclines  to  the  plains  below.  The  ruling  gradient  of  two  of  the 
inclines  was  from  1  in  3^  to  1  in  2|  and,  as  several  deep  ravines  had 
to  be  crossed,  the  work  called  for  considerable  engineering  skill. 
Six  2  tons  trucks  were  sent  down  at  a  time  by  a  steel  rope  which 
passed  over  a  Fowler  clip-pulley  equipped  with  a  powerful  brake. 
The  incline  was  laid  with  three  rails,  and  had  a  passbye  in  the 
middle  to  allow  of  the  passage  of  the  descending  and  ascending 
loads.  From  the  mountain-railway  on  the  top  to  the  screens  at  the 
bottom  was  about  2  miles  in  a  straight  line,  with  a  fall  of  about 
2,000  feet,  and  the  journey  (including  shunting)  took  about  25 
minutes.  On  arrival  at  the  bottom,  the  coal  was  shot  out  of  the 
trucks  (which  had  side  doors),  screened  and  loaded  into  trucks  by 
hand.  The  price  charged  to  the  railway  was  10  rupees  per  ton, 
which  allowed  of  a  profit  of  about  1  rupee  8  annas  per  ton. 

Owing  to  the  thinness  of  the  seam,  and  the  unskilled  labour 
employed,  a  large  percentage  of  the  coal  was  slack.  This  is  now 
being  turned  into  briquette-fuel  by  a  machine  capable  of  dealing 
with  about  30  tons  a  day.  The  process  has  not  been  entirely  satis- 
factory, as  it  costs  about  4s.  to  turn  a  ton  of  slack  into  briquettes, 
using  pitch  as  an  agglutinant. 
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Warara  Collieries. — In  189(J,  the  writer  was  transferred  to  the 
AVarora  collieries,  situated  about  90  miles  southwest  of  Nagpur  in 
the  Central  Provinces.  Two  seams  of  hard  coal  are  worked  at  a 
depth  of  300  feet  from  the  surface.  The  thickness  of  the  seams 
averages  about  12  feet  and  15  feet  respectively,  and  they  are 
separated  by  a  band  of  strong  bind  15  feet  thick. 

The  coal-seam  is  worked  on  the  pillar-and-stall  system,  pillars 
00  feet  square  being  left  and  worked  back  from  the  boundary. 
The  lower  seam  is  worked  in  two  7  feet  lifts,  the  whole  of  the  jud 
standing  on  timber,  and  on  the  removal  of  the  timber,  the  upper 
lift  falls  or  is  blown  down. 

The  coal  is  very  liable  to  spontaneous  combustion,  and  about 
70  per  cent,  of  the  present  coal-field  has  been  lost  by  fire  and  is 
walled  off.  These  walls  give  a  great  deal  of  trouble,  and  have  to 
be  constantly  watched  and  plastered,  and  water  is  laid  on  to  all 
places  where  fire  is  liable  to  break  out.  While  a  pillar  is  being 
taken  out  a  supply  of  bricks  and  lime  is  kept  ready,  and  if  the  place 
shows  signs  of  heating,  the  place  is  speedily  walled  off.  It  some- 
times happens  that  this  has  to  be  done  before  all  the  coal  is  taken 
out,  and  in  some  cases  even  the  timber  has  to  be  abandoned. 

Several  serious  accidents  have  occurred  when  walling  off  places 
which  have  heated,  and  on  one  occasion  an  European  mining 
engineer  and  four  natives  were  overcome  by  carbon  monoxide  and 
killed.  The  fires  have  mostly  occurred  in  the  upper  seam,  and 
of  late  years  it  has  been  found  difficult  to  work  brokens  in  the 
lower  seam.  The  pillars  are  simply  cut  crossways  by  two  roads 
running  at  right  angles  to  each  other  through  the  pillars,  as  on 
removing  the  whole  of  the  pillar  the  fire  in  the  upper  seam  used 
to  break  through  before  the  place  could  be  walled  off,  and  several 
other  pillars  would  be  lost  before  the  place  could  be  made  safe. 
From  time  to  time  attempts  have  been  made  to  recover  pillars,' 
where  the  fire  is  supposed  to  have  died  out,  but  these  attempts  have 
not  been  very  successful  and  are  attended  with  considerable 
danger. 

The  workings  in  the  upper  seam  are  laid  out  exactly  over 
those  in  the  lower  seam,  and  the  water  is  drained  into  the  lower 
seams  by  bore-holes  at  frequent  intervals.  The  pit  is  very  heavily 
watered,  and  four  Cornish  pumps  are  kept  constantly  at  work.  As 
the  pumping-shafts  are  all  sunk  to  the  rise  of  the  coal-field,  com- 
pressed-air pumps  are  used  to  lift  the  water  from  the  dip-work- 
ings to  the  pumping-shafts. 
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Coal  is  wound  at  two  shafts,  and  upwards  of  14,000  tons  have 
been  raised  in  a  month  :  but  the  winding-engines,  in  common  with 
most  of  the  machinery  on  the  mines,  were  inefficient. 

Palana  Collieries. — In  1898,  the  writer's  services  were  lent  by 
the  Government  of  India  to  H.H.  The  Maharaja  of  Bikaner,  to 
superintend  the  public  works  of  the  State,  including  the  building 
and  maintenance  of  hospitals,  gaols,  dwelling-honses,  pumping 
water,  roads,  and  other  civil  engineering-  work,  and  also  to  work 
and  develop  a  seam  of  coal  which  had  been  discovered. 

The  coal  was  found  at  a  depth  of  300  feet  in  a  well,  which  was 
being  sunk  by  the  villagers  of  Palana,  situated  about  14  miles 
south-west  of  the  city  of  Bikaner,  which  lies  in  the  centre  of  the 
great  Indian  desert.  The  coal  was  brown,  and  friable  when 
exposed  to  the  hot  sun  for  a  few  days,  but  raised  steam  in 
stationary  boilers,  and  on  analysis  was  found  to  contain  a  fair  per- 
centage of  fixed  carbon  with  only  5  per  cent,  of  ash.  As  the  well 
had  been  sunk  directly  on  a  fault,  and  as  the  sides  were  in  a 
dangerous  condition,  the  well  was  abandoned.  Operations  were 
removed  to  a  disused  well  about  1,500  feet  away,  where  the  seam 
had  a  section  of  20  feet  of  clean  coal.  This  well  was  also  very 
much  out  of  repair,  but  it  was  secured  from  top  to  bottom  with 
cribs  and  backing  deals,  and  a  platform  was  fixed  at  the  coal-level. 
A  head-gear  was  m^ade  out  of  metre-gauge  rails,  weighing  30 
pounds  to  the  yard,  and  four  bullocks  or  two  camels  supplied  the 
place  of  a  winding-engine.  As  they  could  only  raise  a  bucket 
holding  3 1  cwts.  of  coal  in  2  minutes,  while  the  lowering  of  the 
empty  bucket  occupied  another  minute,  the  output  was  not  large. 
It  was  most  difficult  to  induce  the  natives  to  work  in  the  pit,  and 
as  they  were  unable  to  handle  European  tools  progress  for  the 
first  few  months  was  slow. 

The  mine  was  laid  out  on  the  pillar-and-stall  system,  with 
pillars  100  feet  square  to  be  worked  back  after  the  mine  had  been 
sufficiently  opened  out.  The  ventilating  arrangements  consisted 
of  a  range  of  2h  feet  pipes  made  from  corrugated-iron  sheets, 
slung  close  to  the  side  of  the  shaft,  but  after  the  main  level  had 
advanced  to  a  distance  of  1,100  feet  from  the  shaft,  it  became 
evident  that  a  ventilating  shaft  was  absolutely  necessary. 

A  new  shaft  with  a  finished  diameter  of  10  feet  was  commenced 
about  600  feet  from  the  first  one,  and  after  considerable  trouble 
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(owing  to  the  stupidity  and  ignorance  of  tlie  natives  and  lack  of 
proper  supervision)  a  depth  of  195  feet  was  reached.  The  working 
of  the  coal  at  the  other  shaft  was  by  now  rendered  almost 
impossible,  owing  to  the  heat  and  smoke  from  the  open  lamps, 
and  eveiy  effort  was  made  to  finish  the  new  shaft. 

At  this  time,  there  was  no  Eui'opean  undermanager,  and  the 
only  supervisor  on  the  spot  was  a  native  mate,  who  was  paid  20 
rupees  per  month  or  £1  6s.  8d.  About  8'30  p.m.  on  December 
20th,  1898,  a  messenger  came  in  to^  Bikaner,  to  inform  the  writer 
that  the  mine  was  on  fire.  It  was  a  14  miles  journey  to  the  mine, 
but  on  a  fast  camel  he  got  there  in  about  1^  hours  and  found  that 
the  news  was  true.  Dense  smoke  was  pouring  out  of  the  mouth 
of  the  shaft,  and  it  seemed  that  no  time  should  be  lost  if  the  mine 
was  to  be  saved.  The  writer  found  the  mate,  and  wrapping  wet 
cloths  over  their  mouths,  they  managed  to  descend  to  the  pit- 
bottom.  They  found  that  by  keeping  their  heads  close  to  the 
air-pipes  they  could  Just  manage  to  crawl  along  the  ground,  and 
they  discovered  the  fire  about  150  feet  from  the  shaft.  After  con- 
siderable difficulty  ihej  managed  to  get  walls  built  in  each  road, 
and  these  were  securely  plastered.  The  new  pit  was  rapidly 
pushed  down,  and  after  24  days  a  holing  was  effected  into  the  old 
workings  which  were  found  to  be  full  of  carbon  dioxide.  After 
some  trouble,  the  workings  were  cleai-ed  and  work  recommenced. 
The  fire  was  extinguished,  and  was  found  to  have  caused  con- 
siderable damage  to  the  timber  and  roof.  It  was  supposed  that 
it  was  caused  by  a  fall  of  roof  not  having  been  cleared  away,  as  the 
coal  would  take  fire  on  the  surface  if  stacked  in  large  heaps. 

The  coal  was  not  of  good  quality,  being  really  a  lignite. 
When  burned  in  a  locomotive  fire-box  its  specific  gravity  was  so 
low  that  the  heavy  draught  necessary  to  burn  Bengal  coal  would 
cany  the  coal  up  against  the  tube-plate,  leaving  a  considerable 
portion  of  the  ;&re-box  bare.  Also,  after  a  run  of  a  few  miles  the 
smoke-box  would  become  full  of  red-hot  ashes,  which  in  several 
cases  heated  and  bulged  the  smoke-box  door.  After  about  12 
months  these  difficulties  were  gradually  overcome  by  substituting 
a  flatter  grate  (the  grates  in  the  0  class  Indian  State  railway  loco- 
motives have  the  fire-bars  inclined  from  the  door  to  the  tube- 
plate  at  about  1  in  7)  and  by  putting  a  cast-iron  false  baffle-plate 
inside  the  smoke-box  door.  A  great  deal  of  opposition  was  met 
with  from  the  native  locomotive-drivers,  but  with  the  co-opera- 
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tion  of  the  manager  of  the  railway-  the  difficulties  were  over- 
come. The  calorific  value  of  this  coal  expressed  in  terms  o± 
Bengal  coal  was  only  as  1  to  2,  but  as  the  latter  cost  30  rupees  per 
ton  landed  at  Bikaner,  while  we  could  sell  this  at  4  rupees,  the 
saving  by  using  Bikaner  coal  was  enormous. 

When  the  sale  to  the  railway  was  assured  a  modern  plant  was 
at  once  erected,  capable  of  winding  200  tons  per  shift  of  8  hours. 
Though  there  were  no  very  great  engineering  difficulties  to  over- 
come, beyond  a  bad  roof  and  the  liability  of  the  coal  to  spontaneous 
combustion,  the  management  of  the  collieiy  for  the  first  2  years 
was  veiy  uphill  work. 

The  chief  difficulty  was  the  recruiting  of  sufficient  labour. 
The  natives  of  Bikaner  consist  mostly  of  jats  and  other  Hindu 
castes.  They  are  purely  pastoral  and  agricultural,  and  all  hold 
small  pieces  of  land.  Their  wants  are  few,  and  4  rupees  or  5s.  per 
month  is  sufficient  to  feed  and  clothe  a  family.  They  cannot  be 
said  to  work  hard,  as  work  in  the  fields  is  only  possible  for  a  few 
months  in  the  year.  They  were  quite  unaccustomed  to  handling 
money  at  all,  and  when  they  earned  more  than  was  sufficient  to 
supply  their  modest  wants  they  really  did  not  know  what  to  do  with 
it.  It  was  therefore  extremely  difficult  to  induce  men  to  work  for 
more  than  7  to  10  days  per  month.  Our  only  standby  was  the 
women :  as  you  are  probably  aware,  the  wife  of  the  Indian  coolie 
does  not  occupy  the  same  position  in  the  social  scale  as  her 
European  sister.  She  is  simply  a  drudge,  and  in  addition  to  her 
household  duties,  has  always  to  go  out  and  work  to  increase  the 
family  income.  Women  did  all  the  surface-work,  including  bank- 
ing and  screening,  with  the  exception  of  driving  the  winding- 
engine  and  firing  the  boilers.  Below,  they  did  all  the  tramming, 
assisted  to  set  timber,  and  often  would  get  coal  if  necessarj'  though 
we  discouraged  that  unless  it  was  absolutely  indispensable.  They 
were  always  cheerful  and  willing,  while  their  husbands  and 
brothers  always  looked  unhappy  when  working. 

Even  during  the  severe  famine  of  1899-1900,  when  over  15  per 
cent,  of  the  population  was  lost  from  cholera,  dysentery  and  starva- 
tion, many  of  the  men  preferred  to  work  on  the  famine-works  for 
a  daily  ration  of  14  ounces  of  grain  worth  about  l^d.,  to  working 
at  the  colliery  for  3Jd.  to  5d.  a  day.  It  was  only  when  we  refused 
to  give  famine  relief  at  all  to  any  of  the  inhabitants  of  Palana  or 
the  surrounding  villages  that  we  were  able  to  cany  on  the  colliery, 
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and  even  then  we  were  forced  to  keep  ou  our  books  five  times  the 
number  of  men  necessary  to  work  the  pit. 

AVith  an  output  of  400  tons  per  month  we  were  able  to  make 
^a  profit,  and  as  the  output  increased  the  colliery  became  exceed- 
ingly profitable.  The  cost-sheet  for  the  month  of  May,  1900, 
may  be  amusing  as  it  deals  with  such  small  figures,  but  at  the  same 
time  the  wi'iter  thinks  that  it  will  be  sufficiently  interesting  to 
justify  its  inclusion,  as  it  is  a  fair  example  of  the  monthly  cost- 
sheets  for  the  last  year. 

Table  I. —Cost-sheet  of  Palaxa  Colliery  for  tue  Month  of  May,  1900. 


Heads  of  Expenditure. 

Amount. 

Cost  per 
Ton. 

Total. 

Cost  per  Ton. 

Underground. 

-Coal-cutting            

Haulage 
General  Labour 

Inspection 

Timber         

Onsetters     

Surface. 

Winding       

Banking  and  Screening    ... 

Management 

Stores,  Oil,  Tools  and  Plant 

General  Labour 

Surface  Mechanics 

Miscellaneous         

Total           

Rs. 

94 
96 
53 
42 
0 
13 

As. 

2 
2 

12 
9 
0 

1 

Pies. 

3 
6 

t 

0 
0 

Annas. 

1-14 
117 
0-65 
0-52 
0-00 
016 

Rs.    As.    Pies. 

Rs.      Annas. 

299 

11 

0 

3-64 

299   11      0 

0      3-64 

185 

261 

310 

268 

21 

37 

16 

1 
0 
0 

1.5 
0 
1 

12 

3 

6 
0 
6 
0 
3 
6 

2-24 
316 
3-76 
3-25 
0-25 
0-45 
0-20 

1,099 

- 

15 

0 

13-31 

1,099  15    0 

0    13-31 

1,399  10    0 

1      0-95 

Details. 

Tons. 

Amount. 

Rate  per  Ton. 

Receipts  for  Coal  sold... 
Coal  in  Stock 

Total  Receipts 

Total  Expenditure 

Profit  on  Working     ... 

r 
t 

860 

461 

Rs.      As.  Pies. 

4,730    0    0 
1,844    0    0 

— 

Rs.      Annas. 

5      8-00 
4      0-00 

1,321 

6,574    0    0 
1,399  10    0 

4    15-62 
1      0-95 

5,174    6    0 

3    14-67 

The  first  ton  of  coal  was  drawn  in  March,  1898,  and  on  March 
31st,  1901  the  third  financial  year  expired.  The  balance-sheet 
showed  that  during  the  year  11,989  tons  of  coal  had  been  brought 
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to  bauk  and  sold.  Tlie  receipts  for  coal  amoiiuted  to  61,389 
rupees,  while  tlie  expenses  including  everytking  amounted  to 
25,181  rupees,  the  balance  of  profit  amounting  to  36,208  rupees 
which  showed  a  dividend  of  63i  per  cent,  on  the  capital  invested. 
Including  the  profit  during  the  two  previous  years  the  whole  of 
the  money  spent  on  the  development  of  the  colliery  had  been 
recovered  and  the  colliery  was  fully  equipped  for  an  output  of 
200  tons  per  day.  With  this  output  and  present  prices,  a  profit  of 
2  rupees  8  annas  per  ton  was  assured  and  the  writer  thinks  that, 
taking  into  account  the  dearth  of  fuel  in  Northern  India  and 
Eajputana,  and  the  large  demand  on  account  of  the  railways, 
cotton-mills  and  otker  manufactures,  the  mines,  if  properly 
managed,  should  for  many  years  be  a  very  important  source  of 
revenue  to  the  Bikaner  State. 


The  President  (Mr.  John  Gen^ard)  said  that  this  interesting 
paper  brought  before  the  members  the  conditions  under  which 
coal  was  mined  in  India.  Mr.  Clarke  might  have  touched  upon 
the  family  question,  which  was  so  important  in  India,  where 
husband,  wife  and  children  worked  together  underground,  a 
question  which  had  been  the  source  of  great  difficulty  in  dealing 
with  female  and  child  labour  underground.  He  moved  a  vote  of 
thanks  to  Mr.  Clarke  for  his  interesting  paper. 

Mr.  M.  H.  Habershon  said  that  the  members  would  notice  the 
statement  with  regard  to  the  Warora  colliery,  where  70  per  cent, 
of  the  present  coal-field  had  been  lost  by  fire,  and  was  walled  oft\ 
This  loss  of  coal  might  not  be  of  material  effect  in  India  at  the 
present  time ;  but,  in  this  country,  the  question  of  the  scarcity  of 
coal  had  caused  some  anxiety. 


DISCUSSION  OF  ME.  W.  E.  GAEFORTH'S  PAPER  ON  AN 
••  EXPERIMENTAL  GALLERY  FOR  TESTING  LIFE- 
SAVING  APPARATUS."* 

Mr.  W.  E.  Garforth  wrote  that  his  attention  had  been 
directed  to  a  new  life-saving  apparatus,  for  which  the  inventor 
had  been  awarded  a  German  prize-medal  as  the  best  of  its  kind, 

*    /mH-v.  7h-s^  J/.i;.,  1901,  vol.  xxii.,  page  169. 
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It  appeared  to  be  a  distinct  improvement ;  it  had  less  drapery ; 
an  automatic  injector  for  the  supply  of  oxygen,  whereby  the 
explorer  retained  the  use  of  both  his  hands,  instead  of  having  one 
occupied  in  regulating  the  oxygen-supply  :  an  indicator  to  shew 
the  pressure  of  oxygen  ;  and  at  the  same  time  it  was  more  comfort- 
able in  use.  Indeed,  the  Avhole  arrangement  was  more  compact 
and  more  easily  adjusted.  Xo  doubt,  in  the  future,  the  helmet 
would  be  made  specially  to  fit  a  man,  like  a  suit  of  clothes.  This 
apparatus  had  been  recently  tried  in  the  gallery  at  Altofts  colliery. 
A  further  trial  would  be  made  shortly,  and  if  any  of  the  members 
would  like  to  be  present,  he  would  be  very  pleased  to  receive  them. 

The  President  (Mr.  John  Gerrard)  regretted  the  suggestion, 
which  had  been  made — although  it  was  not  justified,  that  the 
experiments  should  be  carried  out  in  an  absolutely  poisonoiis  atmo- 
sphere. He  had  the  opportunity  of  seeing  the  experiments,  and 
in  his  opinion,  the  atmosphere  was  sufficiently  noxious  for  all 
practicable  pui'poses.  Up  to  actual  proof  being  made  with  a 
living  mouse,  he  thought,  and  most  of  the  members  agreed  with 
him,  that  the  atmosphere  was  irrespirable,  and  Jie  was  surprised 
to  see  the  proof  by  a  live  mouse  that  it  was  not  poisonous.  He 
thought  that  the  explorers  would  have  been  in  imminent  danger 
without  the  apparatus. 

Mr.  "\Y.  Washington  thought  that  the  atmosphere  was 
poisonous,  and  it  was  certainly  very  dense. 

Mr.  John  Xevin  said  that  the  recent  discussion  shewed  that 
useful  work  had  been  done  in  North  Staffordshire  with  the  present 
apparatus.  A  greater  improvement  had  been  made  by  using  two 
oxygen-bottles,  so  that  a  man  going  out  with  one  had  another  for 
use  on  his  return. '  The  great  danger  had  been  that  when  a  man 
had  advanced  too  far  he  might  go  on  until  he  had  used  up  all  the 
oxygen.  Many  a  man  had  been  lost  by  going  too  far,  and  by  not 
being  able  to  return.  He  did  not  see  any  way  of  improving  this 
apparatus,  unless  it  was  tested  in  the  excellent  way  devised  by 
Mr.  Garforth.  This  apparatus  could  be  used  in  the  experimental 
galleiy,  but  it  would  be  utterly  impossible  for  any  man,  wearing 
such  appliances,  to  go  into  the  workings  of  a  seam  in  which  the 
road-ways  were  3  feet  or  less  in  height. 
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Mr.  M.  H.  Habershon  said  that  at  the  Shamrock  colliery,  in 
Germany,  the  first  type  of  pneumatophore  nsed  had  two  bottles,  in 
order  that  the  man  eotdd  not  go  too  fai-  without  having  enough 
oxygen  left  for  his  return  journey ;  consequenth*  the  use  of  two 
bottles  of  oxygen  was  a  reversion  to  the  original  type  of  the 
Shamrock  apparatus.  The  pneumatophore  used  at  the  Altofts 
collieries  was  not  of  the  Shamrock  type.  The  loss  of  life  which 
had  occurred  on  several  occasions  in  Austria  had  been  due  to  men 
exceeding  their  instructions  and  going  too  far,  rather  than  to 
having  an  insufficient  supply  of  oxygen  in  the  bottles.  The  most 
desirable  improvement  of  the  pneumatophore  would  be  to  obviate 
the  headache  caused  by  wearing  the  apparatus.  Prof.  Haldane 
had  stated  that  this  was  due  to  the  presence  of  a  small  portion  of 
carbon  dioxide  in  the  air  actually  breathed,  and  if  that  gas  could 
be  eliminated,  there  would  be  less  difficulty  in  using  the  helmet. 

Mr.  Xevix  said  that  the  use  of  two  bottles  of  oxygen  was  new 
to  him. 

The  President  said  that  one  life  had  been  lost  in  the  experi- 
mental gallery  in  Germany,  and  that  five  lives  had  been  lost 
underground,  while  using  respiratory  apparatus,  owing  to  the 
mouthpiece  falling  out  of  the  mouth  and  the  user  not  being  able 
to  recover  it.  After  this  loss  of  life  it  seemed  necessaiy  to  make 
alterations,  and  the  Meyer  helmet  was  invented,  but  it  had  proved 
too  large  and  cumbrous,  and  the  internal  space  should  be  further 
reduced.  Mr.  Garforth's  suggestion  that  some  arrangement 
should  be  devised  to  prevent  moisture  from  being  condensed  on 
the  glass  was  a  good  one.  One  of  the  men  came  out  of  the  experi- 
mental gallery,  and,  not  being  able  to  see,  he  stumbled  over  a  pile 
of  rope  and  had  a  nasty  fall.  It  was  essential,  before  anyone 
should  be  allowed  to  go  several  hundreds  of  feet  into  the  workings 
of  a  mine,  that  he  should  have  had  practical  experience  of  the  use 
of  the  respiratory  apparatus  over  shorter  distances,  so  as  to  obtain 
confidence.  The  members  were  all  deeply  indebted  to  Mr.  Gar- 
forth  for  the  admirable  way  in  which  he  had  practically  tested 
these  respiratory  appliances.  He  hoped  that  there  would  be 
further  improvements  of  this  apparatus,  and  that  Mr.  Garforth 
v.-Quld  ohlr.in  c.n  applirjnce  suitable  for  work  underground. 
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DISCUSSION  OF  ME.  M.  H.  HABERSHOX'S  PAPER  ON 
"  A  JOINT  COLLIERY  RESCUE-STATION."* 

Mr.  H.  B.  Nash  thought  that  the  discussion  of  this  paper 
should  be  adjourned  until  greater  progress  had  been  made  in  the 
use  of  the  pneumatophore,  which  was  one  of  the  proposed  appli- 
ances to  be  included  in  any  station  which  might  be  erected. 

Mr.  M.  H.  Habeeshon  said  that  everything  was  ready  for 
the  erection  of  the  building.  Appliances  would  be  kept  at  the 
joint  station,  where  men  would  be  trained  in  their  use.  It  was 
not  proposed  to  make  a  place  like  a  roadway  in  a  pit,  but  simply 
to  erect  a  room  in  which  men  could  be  trained,  as  described  in 
his  paper,  and  the  best  apparatus  would  be  adopted. 

Mr.  John  Nevin  said  that  it  was  desirable  to  make  experi- 
ments, and  the  use  of  the  appliance  would  be  followed  by  improve- 
ments. He  was  disappointed  with  the  results  that  he  had  seen  at 
the  Altofts  collieries. 

The  Peesidext  said  that  the  niembers  were  told  that  80  sets  of 
respiratory  apparatus  were  in  use  at  one  of  the  largest  collieries 
ill  Austria.  It  should  be  made  known  that  there  was  risk  in 
using  the  ordinaiy  foiin  of  the  apparatus. 

Mr.  M.  H.  Habershox  said  that  the  Austrian  workmen,  being 

accustomed  to  its  use,  could  wear  it  three  times  as  long  as  our  men. 

Mr.  H.  B.  Nash  said  ^hat  it  should  not  be  forgotten  that  live 
lives  had  been  lost,  and  that  great  care  should  be  exercised  in  its 
use. 

Mr.  TV.  TTashixgton  said  that  a  respiratoiy  apparatus  had 
been  obtained  for  the  Mitchell  Main  collieries.  The  men  would 
be  taught  to  use  it,  just  as  ambulance  work  was  taught,  and  they 
^^ould  gain  confidence. 

Mr.  GeoeCtE  Crosby  said  that,  in  some  experiments  at  Acton 
Hall  colliery,  he  had  iised  the  pneumatophore  and  found  it  very 
heavy,  inconvenient  and  cumbersome;  and  when  he  came  out 
his  head  ached  for  several  days.  He  did  not  think  that  such 
appliances  could  be  worn  by  workmen,  employed  in  building  a 
stopping,  after  an  explosion. 


*   Trans.  Imt.  M.E.,  1901,  vol.  xxi.,  page  100. 
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DISCUSSION  OF  MR.  C.  C.  ELLISOiV'S  PAPER  0^^  "  THE 
SIMOA-CARYES  BYE-PRODUCT  PLANT  AT  MONCK- 
TON  MAIN  COLLIERY."* 

The  President  (Mr.  John  Gerrard)  said  that  he  had  seen  a 
statement  that,  in  consequence  of  the  success  at  Monckton  Main 
colliery,  several  similai*  plants  had  been  ordered. 

Mr.  H.  B.  Nash  said  that  he  would  like  to  know  the  practical 
results  of  working  the  plant  for  12  months,  in  comparison  with 
tile  bee-hive  coke-ovens  at  the  same  colliery.  This  information 
would  be  of  great  value  to  any  member  thinking  of  adopting  the 
plant.  It  would  not  be  necessary  to  give  all  the  details,  but  some- 
thing more  than  generalities  was  required. 

THE  YORKSHIRE  COLLEGE. 

The  President  (Mr.  John  Gerrard)  said  that  the  Yorkshire 
College  Mining  Department  Committee,  were  anxious  to  obtain 
contributions  from  coal-owners,  mining-engineers,  mining  lessors, 
agents,  and  all  interested  in  advancing  the  cause  of  mining  educa- 
tion in  connection  with  the  Yorkshire  College.  Several  thousandB 
of  pounds  were  required  to  complete  the  scheme,  and  Mr.  E.  N. 
Wardell,  who  was  chairman  of  the  Committee,  would  be  delighted 
to  receive  contributions  and  would  send  them  to  the  proper 
quarter. 


Tram.  Inst.  31.  E.,  1901,  vol.  xxi.,  page  79. 
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MIJ)LAND  INSTITUTE  OF  MIA'IXG,  CIVIL  AND 
MECHANICAL  ENGINEEES. 


GENERAL   MEETING, 

Held  at  the  Royal  Victoria  Station  Hotet,,  Sheffield, 

Febriary  1st,  1902. 


Mr.  JOHN   GERRARD,  President,  in  the  Chair. 

DEATH  OF  ME.  F.  N.  WARDELL. 

Mr.  W.  H.  Chambees  proposed  that-  a  vote  of  condolence  be 
sent  on  behalf  of  the  members  to  the  widow  and  famih'  of  the 
late  Mr.  F.  N.  Wardell,  H.M.  inspector  of  mines.  Everyone 
acknowledged  the  great  benefits  that  had  accrued  to  the  district 
through  his  wise  administi-ation ;  he  was  always  willing  to  advise 
to  the  best  advantage,  his  earnest  desire  was  to  maintain  a  high 
state  of  efficiency  in  the  mines  of  his  inspection  district,  and  the 
legislature  had  borrowed  the  practices  that  had  bei'n  adopted 
through  his  advice  to  ensure  the  safety  of  the  mines  and  of  those 
employed  in  them.  He  felt  very  deeply  the  sorrowful  nature  of 
his  task  and  it  was  with  very  great  regret  that  he  performed  the 
necessarj'  duty  that  day. 

Mr.  JoHX  Nevix,  in  seconding  the  motion,  said  that  he  had 
known  Mr.  AYardell  since  1868,  when  he  was  serving  his 
apprenticeship,  and  he  could  state  that  he  had  always  received  the 
greatest  consideration  and  the  greatest  kindness  from  him,  and 
he  was  sure  that  every  colliery  manager  in  Yorkshire  would 
endorse  his  statement. 

The  President  (Mr.  John  Gerrard)  said  that  he  entirely  agreed 
with  every  word  that  had  been  so  well  said.  A  kinder-hearted, 
more  genial,  more  able  inspector  of  mines  than  Mr.  Wardell  it 
was  not  possible  to  conceive ;  he  knew  him  so  well,  and  so  long, 
that  he  could  not  trust  himself  to  say  what  perhaps,  he  might 
othei'wise  have  said. 
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The  resolution  was  carried,  every  memher  present  standing. 


Tlie  niinntes  of  the  previous  General  Meeting  were  read  and   J 
confirmed. 


The  following  gentlemen  were  elected,  having  been  previously 
nominated :  — 

HoxoRARY  Member- 
Mi-.  W.  H.   Pickering,  H.M.  Inspectoi-  of  Mines,  Doncaster. 

Members — 

Mr.  Frederick  >^EPTiMrs  Bruxtox,  Civil  Engineer  and  Surveyor,  35,  Norfolk 

Street,  Strand,  London,  W.C. 
Mr.    A.   Hampshire  Lee,  Mining  Engineer,   Covenham  House,   St.   .Tohn  -. 

Wakefield. 
Mr.  JoHX  James  Pattisox,  Manager,  Batley  and  Morlev  West  End  CoUien. 

Batley,  near  Leeds. 
Mr.  William  Pattisox,  Manager,  Morley  !Main  Collieries,  Morlej',  near  Lee^'  - 
Mr.  Alfred  Rhodes,  Mechanical  Engineer,  Hick  Lane,  Batlev. 


Mr.  Alexander  Reid  read  the  following  paper  on  "  Chinese 
Mines  anf^  Miners  ' ' :  — 
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CHINESE  MINES  AND  MIXERS. 


By  ALEXANDER  REID. 


The  writer  has  frequently  been  informed  by  old  China  hands^ 
or  gentlemen  who  have  resided  for  such  periods  as  up  to  35  years 
in  the  Celestial  Empire,  that  they  have  failed  to  fathom  the  Chinese 
mind  or  clear  their  view  of  that  complex  individual — the  China- 
man. It  is,  therefore,  reasonable  to  bring  before  the  members  a 
few  first  impressions  of  Chinese  miners  and  their  mines,  as  the 
result  of  a  series  of  interesting  journeys  in  China,  with  an  apology 
at  tne  outset,  on  behalf  of  the  now  defeated  Boxers  and  misguided 
Chinese  officials  for  their  interruption  of  interesting  investigations 
and  for  their  disapproval,  for  the  moment,  of  the  introduction  inta 
China  of  the  methods  of  the  West. 

After  a  rather  stormy  journey,  and  a  somewhat  exciting  wel- 
come to  the  country,  as  it  was  the  writer's  misfortune  to  start 
from  the  city  of  Tientsin  just  as  the  wave  of  anti-foreign  rebellion 
was  moving  northward  and  the  Society  of  Harmonious  Fists  or, 
as  the  foreigners  term  them  "  The  Boxers,"  were  getting  out  of 
hand,  the  coal-fields  of  northern  Honan  were  reached  in  the  middle 
of  -Tune,  1900. 

NORTHERX   HOXAX. 

The  country  passed  through  from  Tientsin  to  the  Yellow  river,^ 
by  way  of  the  Grand  Canal  and  the  Wei  river  to  the  city  of  Hwai- 
King,  is  one  vast  plain,  and  the  first  view  of  the  mountains  of 
Shansi  is  welcomed  as  a  change  from  the  monotony  of  a  three- 
weeks'  journey  in  the  flat  country. 

The  Honan  coal-field,  north  of  the  Yellow  river,  is  developed 
by  the  Chinese  along  the  base  of  the  Tai  Hang  range  of  mountains, 
which  rise  abruptly  and  fonn  the  frontier  of  the  province  of  Shansi. 
Baron  F.  von  Eichthofen,  the  eminent  German  geologist,  whose 
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writings  are  the  only  standard  works  npon  tlie  geology  of  China, 
describes  this  Tai  Hang  range  as  not  a  mountain-range  in  the 
usually  accepted  sense  of  the  term,  but  as  the  edge  of  the  plateau 
of  Shansi.  The  formation  is  a  most  wonderful  one,  and  interest- 
ing in  its  simplicity.  From  the  vast  plain  of  Honan  rises  abruptly 
the  Tai  Hang  range  to  an  elevation  of  about  2,500  feet,  and  the 
elevated  plateau  generally  maintains  or  exceeds  that  elevation 
thi'oughout  southern  Shansi.  Along  the  north-western  boundary 
of  the  Honan  plain,  the  coal  is  worked  in  the  foot-hills,  that  fringe 
the  principal  rise,  and  it  would  seem  that  a  vast  coal-field,  awaiting 
development,  must  extend  to  the  east  of  the  Shansi  barrier,  beyond 
the  belt  of  the  coal-field  worked  in  the  fringe  of  the  foot-hills 
(Fig.  1). 


Underlying, 
coal-formation    is 


Fig 


the 
an 
enormous  mass  of 
limestone,  generally 
bluish  in  colour.  In 
the  Lower  Coal-meas- 
ures, a  little  seam  is 
found,  but  it  is  gener- 
ally inferior  in  quality 
and  high  in  sulphur- 
content.  Overlying  the 
seam  is  a  bed  of  mas- 
sive limestone  carrying  flint-nodules,  and  this  is  in  turn  succeeded 
by  clay-slates  and  sandstones,  in  which  the  principal  coal-seam  (20 
feet  thick)  is  found.  The  anal3'sis  shews  that  it  contains  about  88 
per  cent,  of  fixed  carbon,  4  per  cent,  of  volatile  hydrocarbons,  7 
per  cent,  of  ash  and  h  per  cent,  of  sulphur.  The  ash  is  generally 
of  a  buff  or  light-grey  colour. 

The  Loess  formation  overlies  the  Coal-measures  in  several 
places,  and  near  to  the  mines,  the  writer  saw  people  dAvelling  in 
houses  excavated  in  the  Loess.  Chimneys  are  rarely  seen  in 
Chinese  houses,  but  in  the  Loess  cave-dwellings  a  hole  in  the 
roof  serves  as  chimney  and  ventilator.  Loess  is  a  kind  ol  yellow, 
homogeneous,  unstratified  loam,  but  owing  to  the  presence  of 
innumerable  rootlet-holes,  traversing  it  downwards,  it  has  a  some- 
what vertical  cleavage.  There  are  roadways  in  the  Loess  country, 
over  100  feet  deep,  with  walls  of  Loess  standing  nearly  vertical. 
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on  either  side.  The  Loess  is  stated  to  be  a  wind-drift  deposit, 
but  its  homosreiieoiis  character  seems  to  suggest  the  presence 
of  a  powerful  extraneous  binding-agent  not  so  readily  accounted 
for.  The  Loess  is  found  of  great  thickness  to  the  south  of  the 
Yellow  river.  The  passage  of  cart-traffic  along  its  roads  cuts 
deeper  in  time,  and  the  disintegrated  dust  is  often  blown  about  by 
wind-storms,  much  to  the  inconvenience  of  travellers,  for  the 
dust  is  as  fine  as  flour.  A  short  spell  in  a  dust-storm  makes 
one  feel  as  if  a  bag  of  fine  flour  had  been  emptied  over  one. 

The  ooal-mines  in  the  northern  Honan  districts  are  generally 
entered  by  means  of  shafts,  varying  from  200  feet  to  300  feet  in 
depth.  The  coal  is  anthracitic,  with  a  conchoidal  fracture,  and  has 
a  ready  sale  for  domestic  purposes  ;  in  the  Tai  Hang  foot-hills  the 
present  output  is  about  5,000  tons  per  day.  The  principal  coal- 
seam  varies  in  thickness  from  6  to  20  feet  and  lies  nearly  horizontal. 
The  shafts  are  generally  about  5  feet  in  diameter,  and  are  unlined 
in  strong  ground ;  but  in  broken  ground,  they  are  secured  by 
timbering  and  cased  with  basket-work.  The  winding-apparatus 
is  a  simple  winch,  with  a  drum  about  18  inches  in  diameter  placed 
over  the  centre  of  the  shaft.  ISo  guides  are  used,  and  the  coal  's 
drawn  in  baskets,  made  of  bamboo,  and  carrying  about  133  pounds. 
The  writer  was  lowered  into  the  mines  sitting  on  a  spar  attached 
to  a  rope,  which  he  had  the  precaution  to  have  first  tested  by  the 
lowering  down  of  a  Chinese  foreman,  who  was  well  built  and  a 
fairly  weighty  man. 

No  system  of  surveying  seems  to  exist  in  this  district,  and  each 
mine  is  worked  as  far  as  possible  from  its  shaft.  The  system  of 
working  is  pillar-and-stall.  The  ventilation  is  natural,  and 
not  particularly  good.  Eortunately,  the  mines  in  this  districi 
are  not  much  troubled  with  fire-damp. 

The  miners  are  well-built  men,  and  in  the  practical  detail  of 
their  operations  seem  to  be  thoroughly  capable  of  taking  care  of. 
themselves. 

The  mining  operations  of  this  district,  as  with  other  districts 
in  China  which  the  writer  had  the  opportunity  of  inspecting,  gave 
him  the  impression  that  the  Chinese  characteristic  of  "  not  being  in 
a  hurry  "  was  a  great  advantage  where  legislation  did  not  exist  to 
compel  the  miners  to  take  precautionary  measures  for  their  own 
safety.     Timber  is  imported  from  other  districts  ;    and  with  "no 
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facilities  for  transport  it  is  expensive  and  has  to  be  sparingly  used, 
and  no  doubt  in  taking  advantage  of  the  natural  supports  afforded 
by  the  coal  itself  much  coal  is  left  in  the  mines. 

The  Chinese  are  essentially  handy-men  and  inventive  up  to  a 
certain  point,  but  where  steam  and  electric  power  are  rec[uired,  the 
Chinese  find  themselves  absolutely  stopped  in  their  own  mining 
operations.  In  the  Honan  coal-field,  there  is  a  serious  difficulty 
with  water,  and  although  devices  for  winding  water  by  hand  are 
well  carried  out,  mining  operations  have  to  stop  where  water  in 
,any  quantity  has  to  be  raised.  They  have  small  water-tanks, 
carrying  about  15  gallons,  running  on  guides,  and  so  arranged  that 
they  tip  and  empty  themselves  automatically,  when  they  reach 
the  top  of  the  shaft.  But  hand-labour  has  no  chance  in  dealing 
with  any  considerable  volume  of  water,  and  the  business-like 
Chinese  owner  seems  to  be  quite  keen  to  trj'  the  foreign 
machines,  where  Chinese  labour,  plentiful  and  cheap,  has  failed. 
"With  easily  accessible  coal-fields  in  the  past,  the  Chinese  had  no 
absolute  need  for  machinery,  and  in  a  labour-producing  country 
they  viewed  labour-saving  machines  as  inventions  of  the  devil. 
But  many  of  their  fine  mineral-fields  need  machinery  and  a 
practical  demonstration  of  what  steam  and  electricity  can  do 
will  make  a  veiy  strong  and  favourable  impression  on  the  China- 
man's mind,  and  shew  him  that  he  must  either  be  left  behind  in 
the  race,  or  touch  up  his  old  civilization  with  the  more  progressive 
brush  of  the  TVest. 

As  the  people  of  Xorthern  Honan  were  rather  unfriendly  in 
June,  1900,  and  as  troublous  PA-ents  were  happening  in  the  north, 
a  full  investigation  of  the  Honan  coal-field  had  to  be  deferred. 
Unfortunately,  it  was  not  considered  advisable  to  attempt  to  cross 
the  frontier  into  the  province  of  Shansi,  at  that  time,  and  the  , 
expedition  had  to  move  southward  to  Hankow,  a  24  days"  journey 
under  veiy  trying  conditions. 

Shaxsi  Coal-field. 

The  coal  and  iron  from  the  Shansi  plateau  were,  however, 
much  in  evidence  in  Honan,  being  carried  by  coolies  down  the 
mountain-passes :  and  the  writer  observed  the  excellence  of  the 
quality  of  the  coal,  and  the  fine  condition  in  which  it  reached  the 
plain.     The  Shansi  coal-field  is  much  easier  to  work  than  that  of 
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Honau.  It  is  estimated  that  tlie  deposits  are  so  imnieuse,  that 
they  couhi  supply  the  world's  demand  for  fuel  at  the  present  rate 
of  consumption  for  the  next  2,000  years ;  and  it  will  be  interest- 
ing to  note  the  efEect  of  placing-  this  vast  coal-field  xu  railway- 
communication  with  the  sea  and  the  markets  of  the  world.  Its 
present  isolation  and  the  want  of  facilities  for  inter-communica- 
tion throughout  China  make  it  only  necessaiy  to  scratch  it  for 
local  uses,  but  it  is  hoped  that  at  an  early  date  British  engineers 
will  develop  those  vast  mineral  resources  and  give  that  part  of 
China  the  facilities  for  inter-communication  that  is  of  such  vital 
importance. 

In  working  the  seam,  about  22  feet  thick,  the  want  of  timber  is 
overcome  in  a  very  ingenious  way.  The  block  of  coal  that  is  to  be 
removed  is  cut  round,  as  is  usual  in  working  thick  seams.  The 
lower  portion  of  the  seam  is  honeycombed  under  this  block,  with 
narrow  drivings,  just  sufficient  division-walls  being  left  to  render 
the  places  safe  while  being  driven,  and  yet  just  siifficient  strength 
to  give  way  under  the  weight  of  the  coal  above.  The  miners  by 
experience  know  when  to  expect  the  overlying  coal  to  fall,  and 
they  fill  it  away  in  the  usual  manner,  leaving  an  open  gallery  sur- 
rounded by  solid  pillars  of  coal.  The  Chinese,  in  mining,  as  in 
all  their  undertakings,  have  frequently  a  long  way  to  go  in  carry- 
ing out  their  plan,  biit  they  are  invariably  successful  at  the  finish. 

Province  of  Sze  Chuen. 

After  a  time  of  enforced  inaction  in  Shanghai,  it  Avas  the 
writer's  privilege  to  visit  the  province  of  Sze  Chuen,  the  richest 
of  the  eighteen  provinces  of  China.  It  was  a  journey  of  1,000 
miles  up  the  river  Yangtze,  to  the  ti-eaty  port  of  Ichang,  by 
steamer,  and  thereafter  by  house-boat,  a  month's  journey  through 
the  famous  Yangtze  gorges  to  the  treaty  port  of  Chungking.  The 
scenery  passed  through  in  the  journey  from  Ichang  to  Chungking 
surpasses  description,  the  conditions  are  ever  varying  and  always 
full  of  interest,  whether  it  be  in  the  passage  of  the  deep  rock-bound 
gorges  or  over  the  dangerous  and  difficult  rapids. 

The  coal-measures  of  the  province  of  Sze  Chuen  are  the  most 
extensive  in  the  world.  Underlying  the  red  sandstone  and  marls 
of  the  enormous  red  basin  is  one  vast  coal-field  ;  and  where  the 
strata  have  been  tilted  to  form  anticlines  with  limestone-cores,  and 
intersected  by  transverse  gorges  or  water-ways,  there  the  coal- 
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seams  are  laid  bare  and  are  workable  by  adits.  On  both,  flanks  of 
those  anticlines  the  coal-seams  are  worked,  and  the  writer  bas  seen 
them  worked  in  seams  yarring  from  18  inches  to  10  feet  thick. 

In  the  passage  of  the  river  from  Ichang  to  Chungking,  the 
writer  visited  several  mines  close  to  the  river  and  was  surprised 
at  the  better  system  of  securing  the  mines  and  of  ventilating 
them,  in  comparison  with  that  adopted  in  the  mines  that  he  visited 
in  Honan.  The  timbering  was  efficient,  and  carried  out  by 
methods  that  ensured  a  maximum  of  safety  to  the  miner  and  placed 
him  very  kigh  in  the  standard  of  practical  men.  The  coals  here 
seen  were  anthracitic  and  bituminous  and  in  some  cases  high  in 
ash  and  sulphur. 


Fig. 


-E^;TRA^'CE  TO  A  L'oAL-iiiNE  i>"  HzE  Chuex,  shewixg  Weighixc;- 

MACHIXE. 


In  the  neighbourhood  of  the  city  of  Chungking,  there  are 
several  exposed  coal-fields  and  in  the  examination  of  one  of  them 
the  writer  had  a  rather  novel  experience.  The  manager  of  the 
mine  stated  that  a  coal-hauler  entered  the  mine  at  8  a.m.  with  his 
empty  trolley  and  emerged  therefrom  at  2  a.m.  on  the  following 
day,  bringing  out  one  load  of  about  10  cwt.  of  coal  as  his  day's 
work.  This  statement,  coupled  with  a  vaguely  expressed  estimate 
as  to  the  length  of  the  principal  adit,  induced  the  writer  to  make 
a  survey  of  this  particular  mine,  with  the  result  that  he  found  the 
main  haulage-road  to  be  4  British  miles  in  length.     The  seam  was 
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thiu  (about  2  feet  thick),  and  the  coal  of  a  quality  equal  to  Welsh 
smokeless  coal,  and  was  worked  in  a  longwall,  most  creditably 
arranged. 

The  main  haulage-road  was  divided  into  eleven  lengths,  divided 
off  by  separation-doors.  The  seam  dipped  about  1  in  10,  and  a 
space  between  the  upper  pack- wall  and  the  coal,  left  for  the  neigh- 
bouring mine  to  follow  on  with  in  their  working,  formed  the 
return  air-way.  There  must  have  been  an  air-space,  as  even  at 
a  distance  of  4  miles  in-bye  the  ventilation  was  good  and 
the  mine  quite  cool,  but  as  none  of  the  present  generation  of 
miners  had  been  through  the  air-wav  the  writer  considered  it 


Fig.  3. — Extrance  to  a  Coal-mine  in  Sze  Chuen,  shewing  Ti^ibekinc;  and 
A  Miner  drawing  a  Coal-trolley  up  an  Incline  of  1  in  5. 

advisable  not  to  attempt  to  survey  it.  Th^  friction  of  the  air  was 
overcome  by  giving  it  a  push  forward,  as  it  were,  by  the  aid  of 
a  hand-fan,  8  feet  in  diameter,  placed  at  each  of  the  separation-' 
doors,  delivering  their  air  through  square  boxes  carried  just  beyond 
the  separation-door. 

The  pack-walls  in  the  mine  were  well  built,  and  the  working- 
places  efficiently  propped.  The  roof  of  black  shale  was  blasted  to 
give  head-room  and  the  road-way  averaged  5  feet  in  width  by  4^ 
feet  in  height.  The  rails  were  simply  angles  of  wood ;  and  the 
bamboo  trolleys,  built  on  a  wooden  frame,  had  wooden  wheels, 
hooped  with  iron,  and  iron  spindles.     The  roadway  was  kept  dry 
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hx  the  water  beiiior  carefully  led  into  proper  cliaiinels  at  me  sides. 
Tu  crossing  a  fault,  the  roadway  dipped  1  in  7  for  a  distance  of 
about  -^jOO  feet  in  three  places  in  the  mine,  and  it  was  in  dragging 
tne  trolleys  up  these  inclines  that  most  time  was  lost  to  the  hauler. 
The  coal-face  was  about  1,200  feet  in  length,  and  the  particular 
mine  surveyed  had  other  seams  working  both  above  and  below  it. 

Xaked  lights  were  used — clay-lamps  burning  an  inferior 
■vegetable  oil.  The  lamps  had  bamboo  handles  attached,  and  tkis 
unwieldy  appliance  is  carried  by  being  inserted  in  the  twists  of 
the  pig-tail,  which  is  wound  round  the  head  during  working  hours. 

The  miners  were  cheeiy,  well-built  fellows,  and  talked  and 
looked  very  superciliously  at  the  '"  foreign  barbarian  "  visiting 
them  in  their  mines.  They  were  most  attentive,  however,  and  the 
miner  who  wheeled  the  writer  out  of  the  mine  on  the  return  journey 
was  exuberantly  grateful  on  the  receipt  of  copper  cash  to  the  value 
of  2d.  Hot  baths  are  provided  free  of  charge  by  the  mine-owners 
for  their  workmen,  who  are  veiy  cleanly  in  their  habits. 

Blasting  is  effected  by  Chinese  gunpowder,  but  fortunately 
the  writer  was  spared  the  odours  of  that  compound,  else  he  might 
not  have  been  able  to  report  so  favourably  on  the  ventilation  of 
the  mine. 

The  survey  of  this  particular  mine,  or  some  anti-foreign  feeling 
amongst  the  people,  led  to  the  inconvenience  of  the  writer  being 
shut  up  in  a  temple  in  which  the  party  was  accommodated,  for  a 
period  of  3  days,  during  which  time  the  British  Consul  at  Chung- 
king arranged  successfully  for  his  release  and  for  his  further 
safety  and  conduct. 

Other  mines  in  this  neighbourhood,  also  entered  by  adits,  were 
working  seams  dipping  SO  degrees  and  of  thicknesses  up  to  10 
feet.  Here  again,  the  tinibering  was  splendidly  done.  The  haul- 
age-roads had  steps  between  the  rails  to  give  a  foothold  to  the  poor 
fellows  who  had  to  drag  the  coal  from  the  dip-workings.  Fortun- 
ately for  them  the  presence  of  water  restricts  operations,  and 
foreign  machinery  is  absolutely  essential  to  the  life  of  most  of  these 
mines,  where  most  of  the  upper  coal-seams  are  worked  out. 

The  writer  was  confirmed  in  his  opinion  of  the  thoroughness 
of  the  system  of  tinibering  adopted  in  this  district  by  the  inspec- 
tion of  one  mine  that  had  been  abandoned  on  account  of  water 
for  fifteen  year?,  and  was  first  opened  out  over  90  3-ears  ago.     The 
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mine  was  entered  by  a  tunnel,  Ti  feet  hign,  5|  feet  wide,  and  up- 
wards of  a  mile  long.  The  roof  was  arched  and  the  whole  of 
the  tunnel,  driven  mostly  m  sandstone  and  limestone,  was  chisel- 
dressed.  The  tunnel  was  absolutely  straight  from  start  to  finish, 
and  in  the  workings  the  old  disused  haulage-roads  were  as  clean  as 
if  in  daily  use.  The  timbering  was  intact,  the  props  and  bars  in 
line  as  if  they  had  been  laid  there  but  recently,  and  under  the 
superintendence  of  a  keen  mathematical  surveyor.  A  com- 
munication to  the  surface  to  the  rise  of  the  high  pitching  measures 
showed  a  strong  current  of  air  produced  by  natural  ventilation. 

A  fuither  journe}-  to  the  west,  up  the  Yangtze  to  the  city  of 
Lu  Chou,  and  thence  an  ascent  for  10(1  miles  of  the  To  Kiang 
a  tributary  of  the  Yangtze,  gave  opportunities  for  a  further 
view  of  the  Sze  Chuen  coal-fields.  As  before,  the  mines  were 
worked  where  an  upheaval  of  the  strata  had  rendered  the  coal- 
seams  easy  of  access. 

Beixe  AXD  Petroleum. 

From  the  city  of  Fusliun,  the  famous  brine-  and  petroleum- 
wells  of  Tsz-Liu-Ching  were  reached.  From  a  mining  point  of 
view  this  district  is  most  interesting,  while  from  the  Chinese  point 
of  view  it  is  extremely  valuable,  as  the  brine-wells  contribute  an 
enormous  revenue  to  the  Chinese  Government.  The  first  glance 
at  the  brine  district  gives  one  the  impression  that  a  British  mining 
district  is  being  entered.  Studded  over  an  area  of  about  -30  square 
miles  are  some  5,000  head-gears,  and  the  whole  region  is  a  hive 
of  activity  and  life.  The  Chinese  are  perhaps  the  pioneers  of 
boring  operations.  At  all  events,  their  results  from  their  own 
initiative  are  truly  marvellous.  Conceive  boring-rods  made  of 
bamboo,  a  heavy  iron  borehead,  casing  for  running-ground  made 
of  bamboo  strips  fastened  together,  tools  for  recoveiy  of  rods  mostly 
made  of  bamboo,  a  bamboo  sludge-pump  and  a  built  bamboo  head- 
frame  with  a  motion  communicated  by  a  simple  bamboo  lever,  and 
you  have  before  you  all  the  apparently  impossible  success  of 
Chinese  boring.  Contrast  their  plant  with  a  modern  diamond- 
drilling  plant  which  is  thought  to  do  good  work  if  it  puts  a  hole 
down  successfully  for  a  distance  of  2,000  feet,  but  does  remark- 
ably good  work  if  it  reaches  3,000  feet.  And  yet  the  Chinese  even 
exceed  a  depth  of  3,000  feet  with  their  primitive  appliances.     Of 
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course  time  is  no  object  to  them,  and  a  hole  of  this  depth  frequently 
takes  10  years  to  complete. 

The  brine  and  oil  are  raised  by  bamboo  sludge-pumps  about 
TO  feet  long,  attached  to  a  bamboo-rope,  which  is  wound  on  a 
vertical  winding-drum,  about  21  feet  in  diameter,  worked  by 
-3  bullocks  attached  to  the  outer  edges  of  the  drum.  The  pump  is 
lowered  by  a  loose  drum.  About  50  per  cent,  of  the  brine  leaks 
away  from  the  pump  on  the  upward  journej-,  but  to  the  Chinese 
that  is  a  mere  detail.  In  conveying  the  brine  from  the  wells, 
bamboo  pipes  about  4  inches  in  internal  diameter  are  used.  The 
pipes  are  bound  round  with  fine  bamboo  threads  to  keep  them 
-  water-tight.  Bends  are  not  used,  but  the  pipes  are  let  into  junc- 
tion-barrels to  allow  of  a  change  of  direction.  Where  it  is 
necessary  to  convey  the  brine  over  a  hill  to  the  evaporation- 
station,  a  series  of  pumps  are  used,  and  the  pumps  are  worked 
like  a  tread-mill  by  an  army  of  men.  The  lift  of  a  pump  is  gener- 
ally about  10  feet  vertical,  and  as  the  pumps  are  simply  chain- 
pumps  on  which  at  close  intervals  wooden  vanes  are  fixed,  an 
enormous  amount  of  labour  is  wasted.  In  this  particular  brine 
district,  the  writer  estimated  that  10.000  men  were  employed  in 
the  convej'ance  of  brine  and  salt,  where  one  well-constructed 
foreign  pump  and  a  couple  of  Lancashire  boilers  would  easily  and 
more  efficiently  do  the  work.  On  mentioning  this  to  the  ofiicial 
who  escorted  the  party  over  the  district,  he  expressed  every  admira- 
tion for  the  work  of  the  pump,  but  said  "  What  am  I  to  do  with  my 
10,000  men,  if  I  adopt  such  an  appliance  ?  " 

The  brine  is  evaporated  in  cast-iron  pans  about  3  feet  in  dia- 
meter and  9  inches  deep,  either  over  coal-fires  or,  in  tlie  case  of 
wells  where  natural  gas  is  given  off,  the  gas  is  conveyed  in  bam- 
.  boo,  clay-covered  pipes  under  the  evaporating  pans,  and  ignited. 
Wells  that  give  off  natural  gas  in  any  large  volume  are  generally 
capped,  and  used  only  for  their  value  as  gas-wells. 

The  petroleum-deposits  are  associated  with  the  brine,  and  the 
oil  is  recovered  by  skimming  the  surface,  when  the  brine  is  settl- 
ing in  the  brine-reservoirs. 

In  the  Tsz-Liu-Ching  oil  and  brine  districts,  it  will  only  be  a 
matter  of  time  till  the  Chinese  appreciate  the  value  of  and  adopt 
foreign  machinery. 

A  descent  of  the  Yangtze  river,  in  flood,  gave  an  altogether 
different  impression  from  the  ascent  at  low  water. 
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Followiii":  upon  the  journeys  tliroug^h.  Sze  Chiien,  where  various 
other  minerals  were  also  inspected,  the  writer  visited  the  gold- 
mines of  north-eastern  Shantnno:.  One  of  the  quartz-reefs,  40 
feet  wide,  between  walls  of  o-ranite,  and  with  a  dip  of  about  75 
degrees,  was  worked  in  a  most  interesting  manner,  and  practically 
without  the  use  of  timber,  which  was  too  expensive  at  that  par- 
ticular place,  on  account  of  the  old  complaint — want  of  facilities 
of  inter-communication.  Galleries  were  opened  on  the  reef,  in 
some  cases  40  feet  high,  iOO  feet  long  and  the  full  width  (40  feet) 
of  the  reef.  Small  pillars  of  ore  were  left  to  support  the  walls, 
and  the  limit  of  safety  is  so  well  defined  as  the  result  of  experience 
that  accidents  are  rare.  The  quartz  is  conveyed  to  the  surface  on 
trolleys,  broken  and  sorted,  carried  by  coolies  in  baskets  to  the 
mill,  a  distance  of  about  A  mile  down  hill,  further  broken  b}'  hand, 
dry-crushed  to  powder  by  mule-driven  granite-rolls,  washed,  and 
the  gold  recovered  on  square  buddies  or  over  copper-plates. 

The  tailings  are  worked  over  twice  by  the  owner  of  the  mine, 
and  thereafter  several  families  make  a  livelihood  by  further  wash- 
ings. In  alluvial-gold  washing  the  Chinese  is  second  to  none. 
He  has  a  maximum  of  patience  and  requires  a  minimum  of 
remuneration.  On  the  Yangtze,  the  Han,  and  other  rivers, 
thousands  of  Chinese  wash  the  sands  and  gravels  for  gold,  at  low- 
water,  and  with  their  basket-cradle  and  simple  table  recover  on 
an  average  enough  of  the  precious  metal  to  pay  them  from  -Bd. 
to  6d.  per  day. 

MoDEEX  Chixese  Mixixg. 

A  visit  to  the  works  of  the  China  Engineering  and  Mining 
Company,  through  the  courtesy  of  Mr.  Houva,  chief  engineer, 
iormed  a  pleasant  termination  for  the  time  to  the  wi'iter's  inspec- 
tion of  Chinese  mines.  The  properties  of  the  company  are  situ- 
ated midway  between  Tongku,  the  port  of  Tientsin,  and  the 
harbour  of  Ching-Wang-Tao,  at  present  under  construction. 
There  are  seventeen  coal-seams.  The  collieries  are  laid  down  with 
modem  machinery  and  modem  pumping-plant.  The  Chinese 
under  foreign  supervision  work  these  collieries  successfully,  and 
what  has  been  achieved  at  these  mines  by  the  adoption  of  foreign 
methods  and  machinery  can  be  achieved  throughout  China.  The 
writer  himself  hopes  to  become  a  factor  in  that  work,  and  -at  a 
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future  date,  as  the  result  of  extended  knowledge  of  the  country, 
he  will  perhaps  be  able  to  communicate  to  The  Institution  of 
Mining  Engineers  more  detailed  information  than  his  recent 
hurried  travels  in  the  immense  empire  of  Lnina  have  permitted. 


Mr.  J.  H.  li.  AViLsox  proposed  a  vote  of  thanks  to  Mr.  Reid 
for  his  paper. 

Mr.   AV.   E.   Gaei-orth   seconded  the  resolution,   which  was 
cordiallj-  approved. 


DISCUSSION  OF  MR.  \V.  E.  OARFORTHS  PAPER  OX 
AX  "  EXPERIMEXTAL  GALLERY  FOR  TESTIXa 
LIFE-SAVIXO  APPARATUS.'* 

Mr.  AV.  E.  Garforth  said  that  lie  had  on  several  occasions 
tested  a  new  apparatus,  which  had  a  great  advantage  over  the 
apparatus  tested  in  September  last,  inasmuch  as  the  explorer  was 
not  required  to  regulate  the  supply  of  oxygen,  which  was  auto- 
matic. He  had  suggested  that  the  apparatus  was  veiy  fatiguing 
when  the  heat  became  great,  and  that  it  might  be  possible  to  cool 
the  apparatiis  ;  and  this  had  been  eif  ected  by  means  of  compressed 
carbonic  acid.  The  apparatus  was  now  much  more  comfortable, 
owing  "to  the  automatic  regulation  of  the  oxygen-supply  and 
the  cooling  arrangement :  but  on  the  other  hand  it  was  scarcely 
as  convenient  as  the  pueumataphore  and  Meyer  helmet. 


DISCUSSIOX  OF  MR.  W.  X.  DREWS  DESCRIPTIOX  OF 
"  AX  IXSTRUMEXT  FOR  THE  AUTOMATIC  RECORD 
OF  AVIXDIXG-OPERATIuXS.'t 

Mr.  M.  H.  Habersiiox,  producing  some  of  the  paper-bands 
which  had  been  taken  off  the  instrument  working  at  the  Tankerslej* 
colliery,  said  that  each  of  the  bands  shewed  the  record  of  a  day's 
winding :  — Each  draw  was  indicated  b}'  a  dot,  and  the  number 
of  waits  and  their  duration,  both  at  the  bottom  and  the  top  were 
shown,  together  -v^ith  every  time  that  the  shaft  was  used  for  the 

*   Trans.  Inst.  M.E.,  1901,  vol.  xxii.,  pages  169  and  192. 
t  Tram.  Inst.  M.  E.,  1901,  vol.  xxii.,  page  42. 
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purpose  of  dra\^■ing  or  lowering  men.  Tke  paper  band  moved  at 
the  rate  of  about  i  inch  in  five  minutes.  Each  wait  at  the  pit- 
bottom  was  shewn  by  a  blank  space,  and  waits  at  the  pit-top  were 
indicated  by  straight  lines.  In  the  case  of  a  double-decked  or 
three-decked  cage,  it  would  be  necessaiy  to  arrange  for  the  paper- 
band  to  travel  at  a  greater  speed.  The  apparatus  could  be  fixed 
in  the  office  of  the  manager  or  time-keeper,  and  would  form  a  check 
on  the  entire  drawing-operations. 

Mr.  AV.  DuRANT  stated  that  the  apparatus  was  in  working  order 
at  the  Tankersley  Xo.  2  pit,  and  the  paper-band  was  placed  in  the 
manager's  hands  every  morning  as  an  automatic  record  of  the 
work  of  the  winding-engine  on  the  previous  day. 
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MIDLAXD  IXSTITUTE  OF  MINING,  CIVIL 
AXD  MECHANICAL  EXGINEERS. 


GENERAL  MEETING, 

Held  at  the  Queex's  Hotel,  Leeds, 
April  Sth,  1902. 


Mr.  JOHN  GERRARD,  President,  ix  the  Chair. 


Mr.  "William  Scott  read  the  followinsr  paper  on  "  The  Crais^ 
Coal-AVasher  ""  :  — 

THE  CRAIG  COAL-WASHER. 


By    WILLLAM    SCOTT. 


The  increasing  necessity  of  dealing  with  the  more  unsaleable 
portion  of  the  output  of  collieries,  and  the  problem  of  satisfactorily 
extracting  and  washing  the  products  of  dirty  and  inferior  seams 
of  coal,  has  led  to  the  introduction  of  the  Craig  coal-washer. 
The  more  valuable  coking-seams  are  now  being  rapidly  exhausted, 
and  another  and  important  ciuestion  has  arisen,  namely,  the  dis- 
continued use  of  the  riddle,  in  many  of  the  collieries  in  the  area 
of  the  Miners'  Federation.  Consequently,  a  larger  amount  of 
smudge  is  now  sent  out  than  formerly :  and  it  is,  of  course, 
accompanied  by  admixed  .foreign  matter,  which,  the  collier  knows 
well  enough,  cannot  be  detected  easily  at  the  screens. 

There  are  already  numerous  forms  of  coal-washing  machines : 
Some  are  more  or  less  effective,  but  their  cost  prohibits  their  use 
at  collieries  with  a  limited  output :  and  others,  although  com- 
parativeh'  cheap  to  erect,  are  most  expensive  to  work,  maintain 
and  repair.  With  the  first-named  class,  the  Craig  coal-washer 
does  not  pretend  to  compete,  inasmuch  as  it  is  primarily  intended 
to  deal  with  smudge  or,  at  best,  with  the  smaller  sizes  of 
coal,  except  in  so  far  as  these  larger  types  themselves  deal  with  a 
similar  product.     With  the  second  class  of  washer,  however,  it 

18 
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enters  into  direct  competition  :  and,  as  the  limited  opportunities 
for  trials  prove,  the  results  are  of  a  most  encouraging  nature  and 
show  that  its  introduction  is  already  jiistified. 

The  Craig  machine  was  originally  intended  for  gold-washing  ; 
and,  as  the  members  will  readily  understand,  the  process  is 
reversed,  as  the  dirt  in  this  case  is  dealt  with  in  the  same  manner 
as  the  valuable  metal,  Avliile  the  coal  or  lighter  product  goes 
where  the  dirt  Avas  dealt  with  in  the  other  case. 

Before  actually  washing  the  coal,  as  it  comes  from  the  pit  or 
other  source,  it  is  thoroughly  mixed  -^ith  water,  in  a  special  mixer 
or  scrubber,  A  (Figs.  1  and  2,  Plate  XI.).  This  mixer  is  an  up- 
right cylinder,  usually  about  (J  feet  high  by  4j  feet  in  diameter,  in 
which  an  arrangement  of  stirring-arms,  revolving  at  a  suitable 
speed,  thoroughly  intermix  the  coal,  dirt  and  water.  The  size  of 
the  mixer  depends  on  the  amount  of  material  to  be  treated  and 
the  number  of  washing-tables  which  it  is  intended  to  supply ; 
and,  as  a  rule,  one  of  the  size  given  is  capable  of  serving  from  one 
to  eight  tables.  From  the  mixer,  the  wetted  material  is  allowed 
to  gravitate  through  regulated  openings,  along  spouts,  to  the 
tables  or  washers. 

The  washing-table  or  vanner  (Figs.  3,  4  and  5,  Plate  XL)  is 
a  Y-shaped  structure,  having  a  length  and  breadth  of  about  12 
feet  across  the  extremes.  The  mixed  coal  and  water  is  delivered 
upon  the  table,  at  B,  where  it  has  an  inclination  of  1  in  6,  but 
this  can  be  altered  to  suit  varying  conditions.  It  will  be  apparent 
that  the  flow  of  water  and  the  supply  of  coal  are  also  capable  of 
variation  to  suit  the  particular  needs  of  the  stuff  treated.  The 
table  is  mounted  on  a  wheeled  bogie,  (',  on  inclined  rails,  D,  and 
has  a  reciprocating  motion,  obtained  partly  from  a  cam,  E,  16 
inches  iu  extreme  diameter,  driven  from  an  overhead  shaft,  F, 
running  about  30  revolutions  per  minute,  by  a  chain,  Gr,  on 
sprocket-wheels,  H,  18  inches  in  diameter.  On  the  release  of  the 
cam,  E,  the  return  stroke  is  obtained  partly  by  the  inclined  posi- 
tion of  the  bogie  on  its  rails  and  partly  by  strong  springs,  I, 
which  pull  the  moving  table  Avith  a  jerk  against  a  buffer,  J. 
The  table  is  driven  at  a  speed  of  about  HO  strokes  per  minute, 
depending  upon  the  nature  of  the  material  to  be  washed.  The 
length  of  the  stroke  is  o  inches. 

Having  arrived  at  B,  the  wetted  coal  and  muck  is  carried 
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forward  by  tlie  tiow  of  water  and  the  rockiug-iiiotiou  of  the  bogie, 
to  the  flatter  portion  of  the  table,  K.  where  the  actual  separa- 
tion of  coal  and  foreign  matter  takes  place.  This  part  of  the  table 
has  a  very  slight  forward  inclination,  capable  of  variation  to  any 
required  degree  by  means  of  set-screws,  L  and  M,  on  the  boaie- 
frame.  From  K,  the  coal,  being  lightest,  is  carried  forward  and 
finally  ejei-ted  from  the  table  by  the  spouts,  X,  X.  In  the  course 
of  separation,  the  impurities  are  gradually  jerked  backwards, 
and  pass  from  the  machine  by  the  lioni -spouts,  0,  0,  where  they 
are  delivered  into  wagons  or  other  methods  for  removal  to  the 
spoil-heap.  Should  any  coal  actually  pass  backwards  by  becom- 
ing embedded  in  the  dirt,  this  is  effectually  prevented  by  a 
sprinkling  of  pure  water  from  overhead  perforated  spouts,  P,  P, 
>  the  supply  being  capable  of  nice  adjustment :  and  thus  any 
remaining  trace  of  good  coal  is  then  carried  forward  along  with 
the  rest.  The  guiding  principle  in  all  washing  operations  has 
Jiitherto  been  one  of  gravity  only,  but  a  separate  and  distinctly 
different  movement  is  introduced  in  this  machine,  which,  how- 
ever, takes  full  advantage  of  the  gravitation-process. 

In  conjunction  with  this  washer,  a  novel  form  of  storage  has 
Taeen  devised,  in  the  form  of  a  circular  wooden  structure  (Figs.  1 
and  2,  Plate  XL).  The  vertical  joints  are  properly  slivered ; 
and,  as  both  coal  and  water  have  to  be  accommodated,  a  sufficient 
number  of  these  circular  tanks  must  be  provided.  Quick  drain- 
age is  ensured  by  a  square  wooden  pipe,  which  has  one  of  its 
four  sides  formed  of  fine  copper-gauze,  being  placed  vertically, 
at  a  point  farthest  from  where  the  coal  is  delivered  into  the 
hopper,  so  that  the  stock  of  coal,  constantly  being  added,  forms 
an  additional  filtering-bed  and  prevents  the  finest  portions  of 
coal  from  passing  away  as  settlings.  This  system  has  been  so 
successful  that  the  water  leaves  the  hopper  clean  enough  to  be 
at  once  used  at  tlie  washer. 

An  experimental  plant  on  this  system  was  erected  at  Coanwood 
colliery  in  Xorthumberland.  Owing  to  the  exhaustion  of  the 
royalty  this  machine  is  not  now  working,  but  up  to  the  time  of 
the  stoppage,  it  washed  the  coal  efficiently  and  to  the  entire  satis- 
faction of  the  owners  of  the  colliery.  The  coal  Avas  Avorked  from 
the  neighbourhood  of  the  great  or  90  fathouis  dyke  and  amid  very 
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iaulty  grouiiil.  The  excellent  results  obtained  at  Coanwood' 
eollieiy  witli  this  machine  are  clearly  proved  by  the  following 
analyses  :  — - 


Moisture     

Ash 

Volatile  combi;5til)le  mattei- 
Fixed  carbon 


Before  Washing. 
Per  cent. 

After  Washin 
Per  cent. 

2-07 

2-19 

11-51 

4-SO 

29-63 

32-61 

56-79 

60-40 

100-00 

100-00 

1-93 

1-65 

as -30 

65-20 

Sulphur 

Coke  

In  the  above  analyses,  the  sulphur  is  included  partly  in  the  ash 
and  partly  in  the  volatile  combustible  matter. 

Another  quality  of  smudge,  dealt  with  by  this  machine,  con- 
tained 2d  per  cent,  of  dirt,  which  was  reduced  by  washing  to  5 
per  cent. 

Two  plants  are  at  work  in  Yorkshire,  with  which  similar 
results  are  obtained,  and  a  third  and  very  complete  plant  is  iir 
course  of  erection. 

Each  table  is  capable  of  treating  from  40  to  TO  tons  of  material 
per  day  of  10  hours,  depending  upon  the  composition  of  the 
coal  to  be  washed.  If  storage  be  available,  there  is  no  limit  to 
the  number  of  the  tables,  and  the  washery  can  be  extended  to  any 
required  extent,  or  any  one  table  may  be  stopped  without  impair- 
ing or  affecting  the  usefulness  of  the  others.  This  is  a  great  gain, 
because  usually  the  whole  washery  has  to  stand  while  the  most 
trifling  repair  is  being  executed. 

The  power  necessary  to  drive  the  tables  is  very  small.  At 
Coanwood  colliery,  an  engine  with  a  single  cylinder,  6  inches  in 
diameter,  was  driving  three  tables,  but  this  did  not  include  the 
driving  of  the  mixer  and  the  disintegrator,  or  the  conveying  of 
material  to  the  washer,  a  factor  which  will  obtain  whatever 
description  of  machine  may  be  used.  The  Coanwood  plant  is 
erected  on  an  old  spoil-heap,  shewing  that  the  foundations  are  not 
of  a  costly  character. 

This  machine  is  not  intended  to  compete  with  large  washeries, 
as  regards  the  class  of  coal  treated,  but  it  will  deal  with  any 
quantity  of  coal  within  its  sizing  capacity  and  that  in  a  maimer 
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which  these  larger  machines  can  never  hope  to  do.  It  will  only 
wash  coal  up  to  1^  inches  in  diameter,  and  any  larger  size  must 
be  crushed,  although  trials  are  being  made  for  the  washing  of 
larger  sizes.  Regularity  of  working  is.  desirable,  if  the  best 
results  are  to  be  obtained  from  the  Craig  washer :  and  it  may  be 
specially  mentioned  that  up  to  a  certain  size  (1^  inches),  there 
is  no  need  for  sizing,  as  it  is  a  peculiaritj-  of  this  washer  that  it 
works  better  so,  the  finer  stuff  forming  a  bed  on  which  the  larger 
is  gradually  shifted  forward. 


Mr.  H.  B.  ]S'ash,  in  moving  a  vote  of  thanks  to  Mr.  Scott^ 
remarked  that  the  members  could  have  no  difficulty  in  following 
the  results,  and  the  reason  for  these  results  being  obtained. 

Mr.  "\Y.  H.  Pickering,  in  seconding  the  motion,  said  that  the- 
Craig  coal-washer  appeared  to  be  a  most  excellent  one. 

The  motion  was  cordially  approved. 

Mr.  AY.  Scott  explained  by  a  model  the  working  of  the 
washer.  The  coal  was  thoroughlj-  wetted  before  being  placed 
in  the  washer,  and  that  operation  he  considered  to  be  essential 
for  efiicient  washing.  In  the  washing-plant  at  Coanwood 
colliery  the  water  is  poured  through  a  pipe,  and  the  coal  lifted 
from  the  wagons  into  the  scrubbing  cylinder,  which  is  kept  as 
nearh"  full  as  possible. 

Mr.  T.  "W.  H.  Mitchell  asked  why  the  coal  did  not  go  awaj^ 
with  the  dirt  down  the  horned  spouts. 

Mr.  W.  Scott  :   Because  the  water  forces  it  forward. 

Mr.  J.  E.  Chambers  asked  how  the  capacity  of  the  washer 
was  increased. 

Mr.  VT.  Scott  :  By  placing  another  washer  at  the  side.  One 
mixer  was  capable  of  supplying  coals  to  several  washing- 
tables.  The  plant  erected  at  Coanwood  colliery,  consisting  of 
a  mixer  and  three  tables,  was  capable  of  washing  250  tons  per  day 
of  10  hours.  The  cost  was  about  £'300 ;  or  say  £100  for  each 
table,  exclusive  of  the  cost  of  erection. 
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Tlie  Prf.siuext  (Mr.  J.  (jreirard)  asked  whether  tlie  apparatus 
was  efficient. 

Mr.  W.  Scott  considered  that  the  Craig  washer  was  very 
•efficient. 

Tlie  President  said  that  it  had  now  become  essential  that 
•coal  should  be  efficiently  cleaned.  The  Avashing  and  treating  of 
coal  would  become  of  greater  importance  during  tne  next  few 
years. 

Mr.  Isaac  Hodges  remarked  that  the  Ciaig  washer  was  an 
adaptation  of  an  ore-dressing  plant.  He  thought  that  Mr.  Scott 
had  not  laid  sufficient  emphasis  upon  the  fact  that  the  whole 
secret  of  the  efficiency  of  the  Avasher  lay  in  the  gradient  of 
the  table  :  and  he  understood  that  the  most  suitable  gradient 
generally  was  1  in  (J.  The  force  of  the  water  carried  over  the 
lighter  material,  and  the  heavier  material,  very  often  dirt,  was 
thrown  back  by  the  excentric  movement  of  the  table.  He  had 
no  doubt  that  it  was  necessary  that  the  building  should  be  of 
considerable  strength,  to  withstand  the  constant  shock  of  the 
table.  Coal-owners,  who  had  erected  coal-washing  plant  had 
found  that  costly  appliances  were  required  to  retain  the  "  silt." 
The  only  effective  means  that  he  knew  was  that  of  filtering  the 
dirty  water  through  slack-coal.  He  had  seen,  about  three  j^ears 
ago,  at  the  Thornhill  collieries,  an  experimental  tank,  with  a  con- 
tent of  about  2,000  cubic  feet,  with  a  perforated  bottom,  made 
of  malt-kiln  tiles,  contaiiiing  800  tapered  holes  to  the  square 
foot.  Excellent  results  were  also  obtained  by  the  washing-plant 
at  tlie  AVhitwood  collieries,  in  which  the  Avater  Avas  filtered  in 
tanks  contain ijig  slack-coal,  the  issuing  AA-ater  being  perfectly 
•clear. 

Mr.  Percy  C.  Greaves  stated  that  he  had  a  Craig  Avasher 
which  Avas  not  Avorking  so  efficiently  as  he  should  like,  but  Mr. 
Craig  told  him  that  it  Avas  not  fixed  so  perfectly  as  it  should  be. 
He  Avas  pleased  Avith  the  easy  Avay  of  dealing  with  the  dirt,  which 
•came  aAvay  Avith  a  minimum  A'olume  of  water.  He  sometimes 
found  that  lumps  of  coal,  measuring  about  1  inch  bj'  Ih  inches, 
had  a  tendency  to  travel  Avith  dirt,  but  small  coal  readily  Avent 
through. 
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Ml'.  AV ALTER  Hargreaves  cousicleied  that  the  most  impoit- 
aut  point  Avas  the  claim  that  the  Craig  machine  would  efficiently 
wash  smudge  or  dutf.  Any  washer  would  wash  nuts,  and  if  the 
Craig  machine  would  wash  smudge,  it  was. a  most  valuable  inveu- 
tiou.  Did  Mr.  Hodges  state  that  he  had  abolished  settling-tanks 
by  putting  the  water  and  slurry  from  the  washer  into  the  storage- 
hoppers  't 

Mr.  P.  C.  Greaves  said  that  he  did  not  use  proper  settling- 
tanks,  the  waste-water  being  run  over  an  old  spoil-heap,  and 
allowed  to  drain  away. 

Mr.  I.  HodGtES  said  that  settling-tanks  were  used  for  the  dirt 
from  all  washers.  The  dirt  was  charged  into  hoppers,  and  settl- 
ing-tanks were  used  to  catch  the  water  draining  from  the  dirt. 
The  only  water  taken  from  the  washer  at  Whitwood  collieries  Avas 
the  water  carried  away  with  the  washed  slack,  and  that  was  the 
•only  water  that  had  to  be  replaced. 

Mr.  AV.  Scott  said  there  could  be  no  doubt  that  the  tank 
formerly"  worked  at  Thornhill  collieries  was  a  supremely  excell- 
■ent  one,  but,  unfoi-tunately,  its  use  had  been  abandoned.  The 
settling-tanks  of  the  Craig  washer  were  an  improvement,  in  his 
opinion.  The  water  issuing  from  the  coal-storage  tanks  at 
Coanwood  colliery  was  pure,  and  to  use  the  words  of  a  mining- 
engineer  who  had  inspected  the  plant,  it  was  "  fit  to  drink." 
The  principle  of  the  drainage,  as  Mr.  Hodges  had  said,  was 
that  the  coal  filtered  the  water,  and  the  continual  addition  of 
coal  formed  an  additional  filter-bed.  The  water  from  the  dirt 
ran  into  a  beck. 


Mr.  Edward  Browx  read  the  following  paper  "  An  Apparatus 
for  lighting  Miners'  Safety  or  other  Enclosed  Lamps  by  Electric 
Current "  :  — 
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AX  APPARATUS  FOR  LIGHTIXG  MIXERS'  SAFETY  OR 
OTHER  EXCLOSED  LAMPS  BY  ELECTRIC  CURREXT. 


By    EDWAKD    brown. 

Where  larg-e  numbers  of  safety-lamps  are  required  to  be 
lighted  aud  locked,  before  the  arrival  of  the  workmen,  it  is 
necessary  to  commence  lighting  the  lamps,  probably,  2  hours 
before  the  arrival  of  the  men,  whereby  say  IJ  hours  of  the  best 
part  of  a  lamp's  shift  is  wasted  in  the  cabin  at  the  pit-top.  It 
will  generally  be  admitted  that,  if  some  inexpensive  and  reliable 
method  were  introduced,  whereby  the  lamps  could  be  all  locked, 
before  any  of  them  were  lighted,  the  lighting  need  not  be  com- 
menced till  within,  say,  i  hour  before  the  arrival  of  the  men. 
The  lamps  would  consequently  be  capable  of  giving  a  much 
better  light,  in  the  latter  hours  of  the  shift,  and  at  the  same  time 
a  considerable  amount  of  oil  would  be  saved. 

Hitherto  the  methods  of  lighting  miners'  safety  or  other 
enclosed  lamps,  by  an  electric  current,  have  required  one  or  more 
wires  to  pass  through  the  oil-vessel  forming  the  bottom  of  the 
lamp,  and  insulated  therefrom,  thus  requiring  considerable  altera- 
tion to  the  bottom  or  oil-vessel,  and  making  the  insulation  of  the 
wire  or  wires  difficult  and  uncertain. 

The  present  invention  is  designed  to  overcome  these  objec- 
tions, aud  consists  of  a  metallic  conductor,  AD,  fixed  in  the  glass, 
B,  surrounding  the  wick-tube,  C,  of  the  lamp.  The  metallic 
conductor,  AD,  projects  inwards  towards  the  wick-tube,  C,  and 
slightly  above  but  not  touching  it,  the  outer  end  of  the  conductor, 
AD,  being  shaped  so  as  to  form  a  contact  at  D  (Fig.  1). 

The  lighting-stand  is  formed  of  wood  or  other  non-conducting 
material,  and  a  metallic  plate,  E,  to  which  one  hi^h-tension 
terminal,  F,  of  the  induction-coil  is  connected  by  a  wire,  G,  and 
the  other  high-tension  terminal,  H,  is  connected  by  the  wire,  <T, 
to  a  sliding-conductor,  I.     This  conductor,  T,  presses  against  a 
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piece  of  insulating-material,  K,  attached  to  a  spring,  L  ;  and  the- 
spring,  L,  is  attached  to  a  wire,  M,  which  is  connected  to  one 
terminal,  N,  of  the  primary  circuit  of  the  induction-coil,  0. 
The  second  terminal,  P,  of  the  primarj-  circuit  is  connected  to  the 
storage-battery  or  other  source  of  electricity  by  a  wire,  Q. 

On  the  top  of  the  lighting-stand  is  fixed  a  plate,  E,  carrying 
an  adjustinor  screw,  S,  and  the  plate,  R,  is  connected  to  the  storage- 
battery  or  other  source  of  electricity  b}-  a  wire,  T.  The  action 
is  as  follows :  — The  lamp  to  be  lighted  (which  has  previously 
been  cleaned,  trimmed  and  locked)  being  placed  on  the  lighting- 
stand,  the  bottom  resting  on  the  metallic  plate,  E,  and  the  con- 
tact, D,  touching  the  sliding-conductor,  I,  a  slight  push  of  the 
lamp  closes  the  primary  circuit,  between  S  and  L  ;  the  induced 
current,  through  G  and  J,  forms  an  arc  between  the  point  of  the 
metallic  conductor,  AD,  and  the  wick-tube,  C,  thus  lighting  the 
wick  of  the  lamp  :  and  on  withdrawing  the  lamp,  the  primary 
circuit  between  S  and  L  is  automatically  broken.  By  this 
apparatus  an  ordinary  safety  or  enclosed  lamp  of  any  type  may 
be  electrically  lighted  without  requiring  an  insulated  conductor 
to  be  passed  through  the  lamp-bottom ;  and  the  invention  can  be 
applied  to  existing  safety-lamps,  without  necessitating  any 
structural  alterations  in  the  lamp,  beyond  the  insertion  of  a  con- 
ductor, AD,  in  the  glass  surrounding  the  flame. 

This  apparatus  is  intended  to  be  taken  into  the  mine,  to  any 
convenient  lamp-station,  and  is  locked,  so  that  only  the  properly 
appointed  person  can  relight  anj'  lamp,  which  may  have  been 
accidentally  extinguished. 

The  lamps,  in  the  lamp-cabin  at  bank,  can  be  lighted  as  they 
stand,  on  a  wire  running  along  the  shelves.  This  wire  is  con- 
nected to  one  of  the  high-tension  terminals  of  the  induction-coil, 
and  a  flexible  cable,  with  a  push  formed  in  the  handle,  is  carried 
to  any  lamp  required  to  be  lighted,  the  end  of  the  push  being  con- 
nected by  a  wire  to  the  other  high-tension  terminal  on  the  induc- 
tion-coil. "When  the  handle  is  pressed  against  the  metallic  con- 
ductor fixed  in  the  lamp-glass,  it  closes  the  primary  circuit,  and 
the  induction-spark  lights  the  lamp-wick  instantly,  and  in  a 
similar  manner  to  the  fixed  stand  :  in  one  case,  the  lamp  being^ 
taken  to  the  push,  and  in  the  other  the  push  being  taken  to  the 
lamp. 
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Mr.  John  Xevix,  iu  pioposius:  a  vote  of  thanks  to  Mr.  lirown^ 
said  that  he  had  seen  several  methods  of  lighting  lamps  by 
electricity,  but  that  shown  was  the  best  which  he  had  yet  seen. 

Mr.  EouTLEDGE  seconded  the  resolution,  which  was  cordially 
approved. 

Mr.  ^y.  H.  Pickering  asked  how  the  metallic  conductor  was 
fixed  in  the  glass,  and  whether  theie  was  a  good  joint  and  no 
space  between  the  glass  and  the  conductor. 

Mr.  H.  B.  Xash  asked  wliether  in  cleauinsr  the  glass  the  con- 
ductor might  not  be  loosened,  and  whether  the  glasses  were  cast 
with  a  hole  or  the  holes  were  drilled  afterwards. 

The  President  (Mr.  John  Grerrard)  remarked  that  Mr.  Brown 
dealt  with  one  most  important  point,  and  that  was  the  prevention 
of  any  lamp  from  being  relit,  which  ought  not  to  be  relit.  To  his- 
mind,  that  was  one  of  the  most  important  points  in  connection 
with  the  relighting  of  lamps  underground  :  because,  with  some 
electrical  arrangements,  it  had  been  possible  for  a  workman  to 
relight  an  extinguished  safety-lamp,  fitted  witli  an  arrangement 
for  electric  lighting,  from  the  signal-wires.  In  fixing  the 
apparatus  underground,  it  should  be  placed  so  that  emissions  of 
small  sparks  would  not  be  dangerous.  Engineers  were  learning 
many  startling  lessons  in  connection  with  the  use  of  electricity, 
though  he  would  not  say  one  word  against  the  development  of 
its  use  in  mining,  because  he  was  satisfied  that  there  was  an 
ample  field  for  its  application.  It,  however,  should  be  recognized 
that  absolute  safety  was  essential,  and  that  everything  should  be 
done  to  secure  the  most  perfect  efficiency.  A  most  disastrous 
accident  had  occurred  at  Ashton  Moss  colliery  with  loss  of  life, 
through  the  fusing  of  an  electric  cable,  and  all  elements  of 
danger  must  be  carefully  avoided. 

Mr.  T.  AV.  H.  Mitchell  did  not  approve  of  the  arrangement 
described  by  Mr.  Brown,  as  it  would  be  easier  for  the  boys  to 
relight  their  lamps  at  a  single  wire  than  in  the  ordinary  way  of 
lighting  them  by  means  of  the  button  at  the  bottom.  There  was 
more  room  between  the  conductor  and  the  bottom  of  the  lamp,  than 
there  was  in  a  lamp  fitted  with  biittons  at  the  bottom. 
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Mr.  Edward  Browx,  replying  to  the  discussion,  stated  that 
the  conductors  Avere  rivetted  into  the  glass,  but  they  were  now 
luted  Avith  red-lead,  before  being  rivetted,  as  an  extra  precaution. 
A  boy  was  employed  to  rivet  them,  and  he  did  not  think  that  the 
breakages  exceeded  5  in  1,000  glasses.  At  first,  the  holes  were 
drilled  at  the  colliery,  but  now  the  glasses  are  purchased  with 
drilled  holes.  The  lamps  had  been  in  use  for  about  15  months. 
Gasolene  was  used  in  all  their  lamps,  and  less  time  was  required 
to  light  them  than  if  oil  were  used. 

Mr.  H.  B.  Nash  asked  whether  the  copper-conductor  became 
expanded  by  heat  and  cracked  the  glass. 

Mr.  E.  Browx  replied  that  he  did  not  think  that  there  had 
been  3  cracked  glasses,  due  to  expansion,  since  the  lamps  were 
antroduced. 
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MIDLAXD  IXSTITUTE  OF  MIXING,  CIVIL  AXD 
MECHAXICAL  EXGIXEERS. 


GENERAL    MEETING, 
Held   at  the   Arcade   Hall.    Barnslet,    March   8th,    1902. 


Mr.  JOHN   GERRARD,  President,  ix  the  Chair. 


The  minutes  of  the  previous  General  Meeting  were  read  and 
confirmed. 


The  following  gentlemen  were  elected,  having  been  previously 
nominated  :  — 

Members — 
Mr.  William  Haldaxe  Galletly,  Mining  Engineer,  Parkhill  Colliery,  near 

Wakefield. 
Mr.  Charles  Lea,  Manager,  Efrwd  Collieries,  Ffrwd,  Wrexham. 
Mr.  JoHX  Paxton,  Mining  Engineer,  26,  Petersen  Road,  Wakefield. 
Mr.  Richard  Purdy,  Collier} -manager,  Topcliff"e  House,  Tingley,  Wakefield. 

Associate  Member — 
Mr.  Edward  Greaves,  Sharrow  View,  Sheffield. 

Associate — 
Mr.  Arthur  Wilsox,  Colliery-manager,  South    Field  Farm,  Norristhorpe, 
Liversedge,  Yorkshire. 


Mr.  W.  E.  Gaeforth  read  the  following  paper  on  "  The  Appli- 
cation of  Coal-cutting  Machines  to  Deep  Mining  '" :  — 
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THE  APPLICATIOX  OF  COAL-CUTTIXG  MACHINES 
TO  DEEP  MIMXG. 


By  \V.  E.  GARFORTH,  M.Inst.C.E.,  F.G.S. 


IxTEODrCTIOX. 

Considering-  the  growth  of  international  competition,  keener 
at  the  present  time  than  ever  contemplated,  even  a  few  3-ears  ago, 
and  taking  into  account  the  enormous  interests  involved  in  the 
coal-trade  of  this  countrj',  the  writer  feels  that  no  excuses  need  be 
made  to  the  members  of  this  Institute  for  the  introduction  of  a 
paper  dealing  with  the  winning  of  coal. 

Complaints  have  been  made  respecting  the  needless  waste 
underground  in  the  process  of  getting  coal,  and  suggesting  further 
need  for  greater  economy  in  its  consumption.  These  complaints 
can  as  justly  be  made  to-day  as  in  18(i(),  when  a  Royal  Commission 
was  appointed  to  consider  "the  probable  duration  of  the  coal- 
fields of  the  United  Kingdom."  At  that  time,  1866,  the  annual 
production  of  coal  was  101,630,544  tons;  the  last  return,  1901, 
shews  the  output  to  be  219,037,240  tons ;  or,  an  increase  during 
the  past  thirty-five  years  of  115  per  cent. 

It  is  satisfactory  to  know  that  the  mining-engineer,  and  the 
colliery-otficials  and  workmen  associated  with  him,  have  been  able 
not  only  to  extract  this  large  tonnage  of  coal  from  a  greater  aver- 
age depth  than  formerly,  but  in  the  hazardous  operations  which 
this  involves  there  has  been  a  great  decrease  in  the  number  of 
lives  lost.  For  the  five  years  previous  to  the  publication  of  the 
Report,  93,866  tons  of  coal  were  raised  per  annum  per  life  lost,  as 
compared  with  201,501  tons  per  annum  during  1894-1899,  or  a 
saving  of  life  equal  to  114  per  cent. 

With  regard  to  the  opinions  expressed  on  the  finding  of  the 
Report  and  the  difficulties  experienced  by  the  Commissioners 
appointed  to  acquire  evidence,  who  had  the  advantage  of  having 
placed  before  them  the  opinions  of  the  best  scientific  and  most  ex- 
perienced specialists,  it  would  appear  mere  guess-work,  without 
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obtaining-  a  continuation  of  such  evidence,  Avliicli  is  not  at  present 
available,  to  formulate  a  trustwortliy  opinion  on  the  subject  of 
"  the  probable  duration  of  the  liritish  coal-fields."* 

]iut  beyond  the  discussion  of  such  duration,  there  is  the  vital 
question  as  to  whether  coal  can  in  future  be  raised  and  sold  at 
such  a  price  as  will  enable  British  manufacturers  to  compete 
successfully  with  those  of  other  countries.  The  rapid  exhaus- 
tion of  the  thicker  seams  at  shallow  depths ;  the  necessity  for 
working  the  thinner  seams,  and  enquiries  if  such  seams  are  unduly 
injured  by  the  present  methods  of  working-  the  thicker  and  under- 
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lying  seams ;  the  tonnage  lost  in  working ;  the  increaseil  per- 
centage of  small  coal ;  the  loss  bj-  barriers  left  for  boundaries,  and 
by  pillars  required  for  the  support  of  surface-property  :  the  difH- 
culties  due  to  scarcitj'  of  labour,  especially  hewers  :  higher  wages  ; 
and  other  matters,  have  already  caused  anxiety  as  to  the  future 
prosperity-  of  the  coal  and  other  trades  of  this  country.     Hence, 

*  Since  tliis  portion  of  the  paper  was  written,  a  Royal  Commission  has  been 
appointed  to  consider  amongst  other  matters  the  points  above  referred  to. 
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all  methods  of  getting  or  dealing  with  coal  which  seek  to  meet 
these  difficulties,  or  by  which  the  "  greatest  proportion  of  work- 
able coal  can  be  raised  in  the  best  condition,  at  the  lowest  cost  of 
production,  and  with  the  greatest  safety  and  comfort  to  those 
employed  "  are  subjects  that  should  be  fully  and  often  discussed 
by  those  interested  in  mining. 

Though  statistics  and  the  past  history  of  mining  may  prove 
that  great  progress  has  been  made  generally,  yet  improvements 
in  the  actual  process  of  winning  the  coal  are  few,  as  these  are 
dependent  on  certain  natural  conditions,  in  overcoming  which, 
considerable  difficulties  are  experienced.  Many  of  the  conditions 
suitable  to  mines  lying  less  than  1,000  feet  below  the  surface,  are 
not  applicable  to  seams  at  a  depth  of  2,000  feet.  Deep  mining  has 
already  demanded,  and  must  still  further  demand  the  discard- 
ing of  many  of  the  past  usages  of  working  coal.  Parliamentary 
legislation  has  also,  within  recent  years,  imposed  restrictions 
which  have  placed  mining  on  a  higher  and  safer  level  than 
formerly,  and,  mining  practices,  which  a  few  years  ago  were  con- 
sidered as  well  within  the  limits  of  safety,  are  now  condemned  as 
unsafe  and  are  legally  penalized. 

Tlie  writer  hopes  to  prove  that  the  natural  difficulties  experi- 
enced in  maintaining  underground  roadways,  due  to  the  increased 
thickness  of  the  overlying  strata,  may  be  lessened  :  that  the  per- 
centage of  crushed  coal  may  be  reduced  :  and  that  mines  formerly 
looked  upon  as  unprofitable  may  be  worked  with  advantage. 

To  obtain  these  desirable  results,  certain  fundamental 
laws  of  Xature,  which  are  in  full  evidence  underground, 
must  be  more  closely  recognized  and  carefully  followed  :  and  while 
the  damaging  effect  of  the  superincumbent  weight  must  on  the 
one  hand  be  guarded  against,  on  the  other  it  should,  to  a  greater 
extent  than  hitherto,  be  utilized,  by  transforming  it  into  a  power 
to  replace  the  use  of  explosives.  By  the  miner,  a  weight  thus 
utilized  may  be  looked  upon  as  Xature's  lever,  somewhat  as  the 
farmer  looks  upon  ice  as  Xature's  plough.  From  lack  of  know- 
ledge, or  non-recognition,  full  advantage  has  not  been  taken  of 
those  natural  laws  which  thus  lie  within  man's  reach,  and  by  which 
in  future  he  may  be  more  directly  benefited.  Previous  dis- 
coveries shew  that  "  Xature  does  not  volunteer  information  which 
man  may  discover  for  himself,  probably  for  the  reason  that  when 
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man  is  capable  of  appreciatiug  it,  lie  is  capable  of  discoveriug  it."' 
History  shews  that  originally  mining  was  conducted  on  non- 
scientific  lines,  and  many  of  its  practices  were  and  are  still 
empirical,  and  the  result  of  its  present  efficiency,  which  has  re- 
quired a  century  for  its  development,  has  been  obtained  at  a  great 
sacrifice  of  hiiman  life. 

It  is  not  intended  in  this  paper  to  refer  to  the  serious  difficulties 
connected  with  increased  temperature,  one  of  the  two  most  serious 
obstacles  to  deep  mining  :  nor  to  the  various  details  connected  with 
hauling,  screening,  washing  or  otherwise  dealing  with  tli>>  coal 
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underground  and  on  the  surface,  as  these  subjects  have  for  several 
years  past  afforded  matter  for  interesting  discussions  at  the  meet- 
ings of  mining  institutes. 

Coal-seams. 

It  is  rather  with  the  coal-face  that  the  writer  wishes  to  deal, 
as  it  is  thought,  after  making  full  allowance  for  the  improve- 
ments which  have  been  made  in  the  working  of  mines  during  the 
past  30  years,  that  further  improvements  may  be  introduced  by 
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retainiug  the  best  of  all  that  is  good  in  the  older  methods ;  and 
supplementing-  them  by  later  minino-  practices  based  upon  scien- 
tific principles. 

Before,  however,  describing-  certain  details  connected  with  the 
practical  working  of  the  coal-face,  it  is  considered  necessary  to 
direct  attention  to  some  of  the  physical  properties  of  the  coal,  roof 
and  floor,  and  the  effects  produced  upon  the  seam  hj  pressure  due 
to  superincumbent  weight  and  lateral  expansion  induced  during 
the  process  of  extraction. 

In  describing  the  actual  appearance  of  the  coal-seam  and  by 
introducing  photograplis*  of  its  environment,  it  is  hoped  that 
some  of  the  points  raised  may  form  the  subject-matter  for  further 
discussions  by  the  members,  and  that  the  investigations  of  the 
geologist  and  physicist,  which  bear  on  mining,  may  in  the  future 
be  more  fully  utilized  for  the  practical  benefit  of  the  miner,  who, 
though  he  is  well  acquainted  with  the  effects  produced  under- 
ground in  mining  coal,  requires  fuller  information  on  the  exact 
causes  which  govern  them. 

Briefly  it  may  be  said,  that  a  piece  of  coal  reveals  by  its  shape 
the  influence  of  certain  Divine  laws,  which  appear  more 
marvellous  the  better  they  are  understood.  The  dull,  sooty 
divisions  of  the  coal-seam  indicate  lines  of  deposition ;'  the  bright 
continuous  cleatings  which  constitute  the  face  or  bord  of  the 
coal,  are  the  impress  of  great  eanh-movements ;  while  the 
jointings  running  at  varying  angles  to  the  cleatage-planes,  shew 
the  effect  of  shrinkages  of  the  strata.  In  addition  to  these 
three  natural  divisions,  artificial  lines  of  fracture  may  be 
induced  which  further  alter  the  shape  of  the  coal. 

Considered  more  fully,  coal-seams  appear  to  rest  in  horizontal 
or  inclined  positions  when  viewed  in  short  sections,  but  broadly 
they  are  curved  and  form  parts  of  great  rock-foldings.  Tlie 
dirt -partings,  between  the  upper  and  lower  surfaces  of  the 
seams,  formed  of  sifted  mud  precipitated  in  water,  mark  the 
original  lines  and  direction  of  the  deposition  of  the  coal,  whilst 
underlying  the  seam  is  the  seat-earth,  above  which  was  once  up- 
lifted the  growth  of  vegetation  which  afterwards  fell,  and  even- 
tually became  coal,  to  be  again  covered  and  separated  by  silted 

*  Some  of  the  photographs  attached  to  this  paper  were  taken  about  3h  years 
ago  "with  an  incandescent  light  of  450  candlepower,  and  in  some  instances  nearly 
1  mile  from  the  shaft. 
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material  (Fig.  1).  Some  of  those  smooth  surfaces  which  possess 
fine  continuous  lines  of  lamination  facilitate  the  winning  of  the 
coal,  as  they  induce  a  weak  adhesion  to  the  roof,  whilst  in 
others  the  rough  or  uneven  surface  causes  a  binding  or  sticking 
of  the  coal  to  the  roof. 

The  eleatage-planes  forming  the  right  and  left  faces  of  the 
coal  (especially  noticeable  in  binds  and  shales  and  in  some  coal- 
fields more  than  in  others)  run  parallel  with  the  flexures  or  folds 
of  the  hills,  approximately  from  north-north-east  to  south-south- 


FiG.  3. — Major  Joint  ix  Eord-face  of  the  Silkstoxe  Seam, 
4  Feet  thick  axd  960  Feet  deep. 


west  and  at  right  angles  to  the  direction  of  those  great  earth- 
thrusts  by  which  the  hills  were  uplifted.  AVithin  the  earth,  as 
proved  by  various  strata  exposed  on  the  surface,  or  met  with  in 
sinking  pits,  these  lines  mn  through  rock-masses  of  great  thick- 
ness and  varying  compositions,  usually  nearer  together  in  finer 
grained  rocks,  and  wider  apart  in  those  of  coarser  structure 
(Fig.  2). 

It  may  be  generally  stated  that  cleatage,  like  cleavage,  of 
which  it  seems  to  be  a  form,  may  be  accompanied  by  shear,  or  a 
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sliding  of  one  set  of  rock-particles  over  another  set,  the  faces  of 
which  may  move  at  different  velocities,  or  one  may  be  at  rest ;  and 
the  polish  or  brightness  of  the  divisional  planes  of  the  coal  points 
to  snch  a  molecular  movement,  or  rearrangement  of  the  coal-par- 
ticles by  mechanical  stress.  As  a  consequence,  the  cleatage- 
planes  of  coal  differ  in  appearance,  though  not  in  composition, 
from  the  mother  or  parent-rock  of  which  they  are  a  part. 

The  natural  divisions  forming  the  hackly  front  and  back  faces 
of  the  coal  vary  in  appearance,  but  usually  consist  of  high-angled 
joints,  due  principally  to  shrinkages  of  the  strata,  by  evaporation 
of  water  and  escape  of  gases  accompanied  by  minor  thrusts  during 
the  process  of  drying  and  consolidation.  Such  joints  often  run  at 
high  angles  to  the  bedding,  or  at  various  angles,  sometimes 
approaching  right  angles,  to  the  cleatage-planes  to  whicU  they 
seem  at  times  to  be  similar  in  character  though  they  are  never 
associated  with  shear  (Fig.  o). 

The  faults  met  with  in  the  Coal-measures  are  due  chiefly  to 
uneven  settlements  of  the  strata  and  other  influences,  and  a  mere 
enximeration  of  these,  and  how  their  occurrence  has  often  led  to  the 
disorganization  of  all  systems  of  working,  would  exceed  the  limits 
of  this  paper. 

In  addition  to  the  natural  divisions  referred  to',  there  are 
induced  fractures,  such  as  are  set  up  in  the  working  of  the  coal, 
which  also  contribute  in  the  defining  of  its  size  and  shape  (Fig. 
4).  Such  fractures  arise  when  the  coal  is  mechanicallj'  assisted 
or  induced  to  part  from  the  roof  by  excavating  the  lower  portion 
of  the  seam  to  such  a  depth,  that  th'~  remaining  overhanging  por- 
tion falls  \>j  its  own  weight,  or  when  assisted  by  the  action  of 
explosives. 

From  these  facts  and  others,  indicated  in  the  illustrations, 
it  will  be  seen  that  the  straight  lines  of  cleatage  are  visible  indica- 
tions of  natural  laws,  which  have  in  the  past  been  well  known 
to  the  miner,  and  served  as  a  guide  in  driving  narrow  and  straight 
roadways  or  in  maintaining  a  longwall  face  at  any  required  angle 
to  the  cleatage-planes  or  bord-face. 

LOXGWALL-WORKIXG. 

When  the  seam  is  first  cut  there  is  a  lateral  expansion  of  the 
coal,  especially  in  seams  where  the  portion  exposed  is  parallel  to 
the  planes  of  cleatage.     While  the  coal-seam  remains  untouched. 
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no  movement,  unless  it  be  an  earth-movement,  can  take  place  even 
in  de6p  seams  where  the  weight  of  the  overlying  strata  nearly 
approaches  the  cohesive  strength  of  the  coal.  But,  immediately 
an  excavation  is  made,  a  movement  results,  approximately  pro- 
portionate to  the  cohesive  resistance  of  the  coal  and  the  pressure 
of  the  overlying  strata.*  If  the  tloor  or  dirt-parting  in  the  seam 
is  softer  than  the  coal,  the  crushing  effect  on  the  latter  is  dimin- 
ished:   and  as  recently  proved  by  making  an  excavation  in  the 


.y 


Fig.  4. — Lines  of  Ixdiceu   Fk.utlke  and  Cleatage- planes  in   Roof  ok  the 
SiLKSTONE  Seam,  4  Feet  thick  and  960  Feet  deep. 

upper  portion  of  a  seam  between  2,0UU  and  :^,OUU  feet  deep,  an 
effect  is  produced  from  below  which  assists  to  win  the  coal  as  if 
the  thrust  were  in  a  vertical  direction. 

After  an  excavation  has  been  made  in  or  under  the  seam  to 
induce  the  upper  part  of  the  seam  to  fall,  the  roof  or  overlying 
stratum  is  thrown  upon  the  remaining  portion  of  the  coal-face. 
As  the  width  of  the  excavation  increases,  the  immediately  over- 
lying stratum  settles  down  on  tlie  coal-face  and  pack,  and  a  species 

*  The  writer  intends,  on  some  future  occasion,  to  introduce  the  results  of 
certain  experiments  and  observations  which  have  been  made  under  his  direction, 
to  show  the  extent  of  lateral  expansion  in  narrow  roadwaj-s  and  on  longwall-faces 
within  given  periods  of  time. 

20 
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of  "  arcliing-over  ''  takes  place  in  the  overlying  stratum,  some- 
thing like  a  girder,  supported  respectively  by  the  coal-face  and 
dirt-pack.  As  the  span  increases,  additional  weight  is  thrown 
upon  the  coal-face  and  pack-walls,  with  the  result  that  the  former 
is  crushed,  which  is  detrimental,  and  the  latter  consolidated, 
which  is  desirable  for  many  reasons  connected  with  safety  as 
well  as  profit.  The  longer  the  time  to  which  the  face  is  subjected 
to  such  weight,  especially  if  its  line  be  irregular,  with  projecting 
pieces  of  coal,  the  greater  will  be  the  production  of  low-priced 
coal ;  and  the  quicker  a  straight  fracture  is  induced,  by  which  the 
maximum  superincumbent  weight  is  thrown  on  the  pack,  the 
larger  will  be  the  yield  of  high-priced  coal.  If,  in  addition  to 
such  a  face-break,  other  fractures  and  settlements  can  be  fre- 
quently induced,  the  coal  is  not  only  relieved,  but  the  strata 
immediately  above  the  pack  and  extending  for  some  distance  into 
the  goaf  become  disintegrated,  with  a  greater  tendency  to  settle 
down  quickly  and  vertically  upon  the  pack-walls,  than  where  the 
cohesive  strength  of  the  overlying  strata  is  maintained  and  the 
weight  is  thrown  forward  on  the  coal-face. 

From  the  foregoing,  it  will  be  apparent  that  the  crushing- 
effect  on  the  coal  may  be  minimized  by  pushing  forward  the 
whole  length  of  the  coal-face,  and  by  having  the  least  length  to- 
maintain  under  its  influence  compatible  with  the  required  output. 
This  arrangement  can,  unless  exceptional  natural  difficulties 
intervene,  be  carried  out  most  effectively  by  having  a  straight  line 
of  face,  produced  by  a  straight  line  of  cut,  inducing  a  straight  line 
of  fracture  in  the  roof,  which  is  supported  by  a  straight  line  of 
timber  (Eigs.  18,  19  and  20,  Plate  XXL).  This  method  of  work- 
ing permits  of,  or  leads  to,  a  more  systematic  use  of  timber  than 
where  the  breaks  are  irregular  and  the  timber  is  set  following 
these  irregularities.  In  addition  to  these  advantages,  there  are 
fewer  roads  to  maintain  and  less  timber,  rails,  etc.  are  required 
(Fig.  21,  Plate  XXL).  While  formerly  it  was  physically 
impossible  to  obtain  by  handworked  picks  such  a  rapid  advance- 
of  face  as  is  now  advocated,  yet  such  an  advance  may  be  obtained, 
at  the  present  time,  by  mechanical  appliances  actuated  by  com- 
pressed air  or  electricity. 

For  some  years  past,  certain  coal-faces  cut  in  a  perfectly 
straight  line  have  been  advanced  at  the  rate  of  16|  feet  per  week ; 
and  experience  has  shewn  that,  with  certain  exceptions  due  to- 
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natural  conditions,  there  is  nothing-  to  prevent  a  greater  advance 
by  specially  arranging  for  continuous  shifts,  so  that  the  coal  may 
be  filled  immediately  after  the  cut  is  made  (Figs.  21,  25,  26  and 
27,  Plate  XXI.).  The  advance  of  face  requires  to  be  regular 
both  as  regards  cutting  and  filling,  as  opposed  to  quick  filling  and 
leaving  the  next  cut  for  too  long  a  period,  which  allows  tlie  coal 
to  be  crushed  and  is  attended  by  other  disadvantages. 

From  a  careful  study  of  the  natural  phenomena  indicated  bj- 
the  foregoing,  and  a  personal  experience  gained  in  working  coal- 
seams  from  a  depth  of  240  feet  (where  pillars  of  coal  left  30  years 


Fig.  5.— Holing  in  Coal  bv  Hand,  when  the  Thill  is  too  hard  fuk  Pick- 
work,  IN  SiLKSTONE  SeAM.  StRONO  SpRAIJS  AND  CocKER-rOLES  ARE 
USED   TO   SUPPORT   THE    COAL,    AND    MAY    BE    COMPARED    WITH    THE    WeDGES- 

USED  IN  Machine-work  as  shewn  in  Fig.  U. 

ago  are  still  standing  as  efiicient  supports  to  the  main  roadways), 
down  to  a  depth  of  3,300  feet  below  the  surface,  where  portions  of 
the  coal  become  crushed  to  small  pieces  after  a  few  hours'  ex- 
posure, the  writer  is  convinced  that  if  deep  coal-seams  are  to  be 
successfully  won,  a  practical  acquaintance  with  certain  natural 
laws  and  their  effects  will  in  future  be  essential  to  colliery-officials 
and  workmen.  Speaking  generally,  it  will  bo  found  that  in  deep, 
equally  with  shallow  mines,  there  is  a  much  greater  uniformity  of 
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conditions  than  is  supposed,  and  that  while  coal-seams  vary,  in 
depth,  thickness,  inclination,  etc.,  still  the  general  and  main  prin- 
ciples connected  with  their  deposition,  cleavage,  jointings,  and 
lateral  expansion,  apply  almost  equally  to  all  seams;  and,  with 
certain  exceptions,  allow  the  same  general  method  of  working  to 
be  successfully  carried  out  in  deep  seams. 

When  there  appears  to  be  a  difference  between  Xature  and 
science,  it  will  be  proved,  in  mining  as  in  other  past  instances,  that 
the  fault  does  not  rest  with  Xature  and  that  certain  laws  now  im- 
perfectly understood  will  in  the  future  be  more  fully  appreciated. 
As  an  instance  of  this,  imagine  the  difficulties  and  increased  cost 
that  would  attend  the  Avorking  of  coal,  rocks,  and  other  minerals, 
if  the  same  were  one  homogeneous  mass  instead  of  being  divided 
by  the  divisions  due  to  deposition,  cleatage  and  jointings. 

The  earliest  system  of  working  coal  was  to  drive  a  narrow  road 
in  the  seam  and  to  leave  large  supporting  pillars — a  method 
probably  or  partly  based  on  self-preservation.  An  extended 
knowledge  of  the  nature  of  the  coal,  and  the  methods  of  maintain- 
ing the  roof,  led  to  the  roadways  or  stalls  being  increased  in  width 
-and  the  pillars  proportionately  reduced.  This  method  of  work- 
ing called  "  pillar-and-stall '"  or  "  stoop-aud-room  "'  was  attended 
with  success,  and  became  perfected  by  many  years  of  practical 
experience,  Avith  modifications,  to  meet  different  local  conditions. 
When  the  depths  of  seams  from  the  surface  increased,  it  was  recog- 
nized that  the  size  of  pillars,  which  were  left  in  the  first  process 
of  working,  should  be  enlarged,  to  withstand  the  greater  super- 
incumbent weight. 

Before  the  effect  of  the  weight  was  generally  realized  by  the 
past  generation  of  collieiy-officials,  serious  trouble  and  loss  were 
experienced  in  working  mines  exceeding  a  depth  of  600  or  700 
feet.  And  by  leaving  an  increased  size  of  pillar,  the  pillar-and- 
stall  system  has  been  carried  on  in  some  mines  for  a  longer  period 
than  is  consistent  with  profitable  working. 

Experience  has  proved  that  no  system  of  working  can  reduce 
the  pressure  on  the  coal  remaining  to  be  worked,  and  this  fact 
becomes  more  and  more  apparent  as  the  depth  of  the  coal-seam 
below  the  surface  increases.  Each  square  foot  of  coal  supports 
a  corresponding  area  of  roof,  but  when  a  portion  of  the  coal  is 
removed  in  the  process  of  mining,  then  an  enhanced  weight,  over 
and  above  what  may  be  termed  the  natural  weight,  is  thrown  upon 
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the  remaiuing  portion.  For  many  years,  it  has  been  recognized 
that  such  complaints  as  tender  coal,  bad  roof,  lifting  floor  and 
sudden  outbursts  of  gas  were  often  due  to  faults  of  the  pillar- 
system,  and  not,  as  formerly  alleged,  to  the  inherent  weakness  of 
the  coal  and  adjoining  strata.  It  is  generally  admitted,  even  by 
the  present  advocates  of  the  longwall  method,  that,  within  a 
certain  depth,  no  system  has  been  attended  with  greater  success 
than  the  pillar-aud-stall  metliod  as  practised  and  perfected  in 
the  Xorth  of  England,  Scotland,  and  other  mining  districts. 
Eventually  the  system  of  leaving  pillars  oi-  working  the  mine  by 


Fui.  6.     HoLiXG  IX  Thill,  by  Hand,  ix  Silkstone  Seam. 

two  operations  was  abandoned  in  deep  mines,  in  favour  of  long- 
wall  or  of  extracting  the  seam  at  one  operation. 

Formerly  it  was  considered  that  this  latter  method  could  only 
be  carried  out  when  the  roof  and  pavement  were  good,  inclination 
suitable,  etc.,  yet  excessive  superincumbent  pressuie  resulting  in 
an  excess  of  small  or  low-priced  coal  has  compelled  its  adoption 
under  almost  all  conditions  met  with  in  deep  mining.  This  loss 
consequent  on  having  to  sell  a  portion  of  the  small  or  crushed  coal 
at  a  price  so  much  below  the  cost  of  production  would  have  been 
more  severely  felt  in  past  years  had  it  not  l)een  for  the  large  quan- 
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tity  of  the  same  class  of  coal  required  in  the  manufacture  of  coke 
and  the  mechanical  appliances  Avliich  have  been  invented  to  utilize 
it  for  raising  steam  and  certain  manufacturing  purposes.  The 
advantages  claimed  for  the  longwall  method  are  too  well  known 
to  need  recapitulation,  but  amongst  others  the  writer  gave  the 
following  opinion  in  May,  1882: — "The  straight  line  of  face 
affords  the  best  lines  of  fracture,  and  by  allowing  the  subsidence 
of  the  superincumbent  weight  to  be  regular  and  to  fall  on  the 
goaf,  thus  taking  the  pressure  from  the  coal-face,  stalls  are  seldom 
stopped  by  weighting-iu,  and  there  is  less  liability  to  sudden  out- 
bursts, as  the  pent-up  gas  may  be  liberated  in  small  quantities 
and  regularly  dealt  with."* 

The  experience  of  the  past  20  years,  but  especialh-  of  the  past 
10  years,  has,  however,  shewn  that  in  longwall  working  by  hand- 
holing,  there  are  serious  disadvantages,  including  amongst 
others  : — (1)  Under-cutting  the  back  of  the  holing  in  an  irregular 
line;  and,  when  an  extra  depth  of  holing  is  necessary  to  ensure 
the  excavated  coal  breaking  from  the  solid  portion,  cutting  or 
slabbing  part  of  the  solid  face  into  small  pieces  to  permit  of 
shoulder-room  for  the  workman  (Fig.  5).  The  projections  at  the 
back  of  the  holing  act  as  struts  almost  as  effectively  as  the  sprags 
in  front  of  the  coal-face,  especially  when  assisted  by  the  under- 
mined coal  adhering  to  the  roof  and  the  back  of  the  solid  coal. 
The  projecting  portions  are  consequently  exposed  to  an  excess  of 
crushing-weight,  which  is  further  increased  by  the  cut  at  the  back 
of  the  excavation  being  of  so  small  a  height  that  when  the  over- 
lying weight  comes  into  operation,  there  is  not  sufficient  space  in 
the  holing  to  avert  its  immediate  eft'ect,  and  the  coal  (being  usually 
softer  than  the  roof  and  iloor)  suff'ers  by  such  association.  (2) 
L  nder-mining  one  part  of  the  coal-face  at  a  period  of  time  differ- 
ent from  the  adjoining  portion,  consequently  additional  weight  is 
thrown  on  the  remaining  portion  of  the  holing-dirt ;  and  this  is, 
therefore,  crushed  and  more  easily  worked — an  advantage  to  the 
miner,  but  gained  at  the  expense  of  the  coal-owner,  as  a  greater 
percentage  of  low-priced  coal  is  produced.  (3)  In  order  to  maintain 
a  large  and  regular  output,  an  increased  length  of  face  is 
opened  out,  which  becomes  subject  to  the  crushing  effect  of  the 
overlying  weight,  especially  in  summer  or  when  trade  is  bad  and 
short  time  is  worked.  It  may  be  pointed  out  that  a  coal-face, 
*  Traii't.  Midland  Inst.,  1882,  vol.  viii.,  pages  36  and  37. 
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1.100  feet,  in  length  multiplied  by  16i  feet  of  advance  or  width 
per  week  cut  by  machines,  produces  the  same  ([uantity  or  area  of 
coal  as  a  coal-face  3,000  feet  long  advancing  (i  feet  per  week — the 
latter  being  the  ordiuarj^  advance  by  hand-holing  (Fig.  21,  Plate 
XXI.).  By  this  method  of  a  ([uick  advance,  1,900  feet  of  coal- 
face is  saved  from  the  crushing  effect  of  the  overlying  strata  with 
the  additional  advantages  of  fewer  roadways  to  maintain,  less 
materials  required,  etc.  Figs.  22,  23  and  24  (Plate  XXL),  taken 
from  actual  measurements  in  the  mine,  show  that  the  pick-line. 


Fig.  7. — Coal-cptting  ]VJachine,  flaced  on  Cros-s-rails  at  an  An(;le  to 
THE  Working-face,  commencing  to  cit  into  the  Coal. 


as  left  by  the  miner,  is  a  sinuous  or  crooked  one,  due  to  the  differ- 
ence in  skill  and  attendance  at  work  of  the  men  engaged  in  the 
working-places.  When  the  dirt  below  the  coal  admits  of  a  greater 
thickness  of  excavation  (Fig.  6),  these  effects  are  minimized,  but 
not  to  the  same  extent  as  if  the  cut  were  perfectly  straight  and 
quickly  produced,  which  is  impossible  to  obtain  from  a  workman 
lying  in  a  cramped  position,  and  swinging  a  pick  at  a  distance  of 
some  feet  away  from  him  in  the  attempt  to  ])roduce  a  straight  line 
of  holinsr. 
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If  the  coal-face  be  workeil  on  a  ciuved  line,  the  diflS.culties 
previoiisly  enumerated  are  iiiteusilied  by  reason  of  the  projecting^ 
angles  which  cause  irregular  lines  of  fracture  and  prevent  a 
regular  settlement  of  the  strata.  If  it  be  correct  to  work  coal  by 
following  straight  lines,  either  on  the  principle  of  («)  plumb-end, 
(6)  bord,  or  (c)  half  end  and  half  bord,  then  the  coal-face  cannot 
for  the  reasons  given  be  advantageously  worked  at  constantly 
varying  curves  and  angles.  AVhen  the  coal  is  worked  end  on,  it 
may  be  said  to  have  its  maximum  strength  to  resist  pressure,  and 


Fig.  8. — ^Coal-cutting  Machine,  at  a  reduced  Angle  to  the  Working- 
face,  OWING  TO  the  Wheel  having  cut  1  Foot  into  the  Coal. 

allows  the  deepest  excavation  to  be  made  before  the  coal  falls, 
usually  in  large  pieces  and  with  a  cubical  fracture,  even  in  the 
smaller  pieces.  On  the  other  hand,  the  coal  most  readily  falls 
when  worked  bord-way,  or  when  the  lines  of  cleatage  run  parallel 
with  the  cutting,  in  which  case  friable,  slabby,  and  an  increased 
percentage  of  fine-coal  results.  A  modification  of  the  above 
system  is  the  working  of  the  seam  by  end  and  bord.  As  the  line- 
of  break  follows  the  line  of  the  least  resistance  so  the  straight  line 
of  coal-face  may  be  worked  at  any  angle,  as  experience  gained 
in  working  particular  seams  may  require. 
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Judging  by  the  losses  already  suffered  by  tlie  productiou  of 
small  coal,  it  is  natural  to  expect  within  the  next  few  years,  as 
deeper  seams  are  worked,  that  the  ill  effects  of  superincumbent 
weight  on  a  crooked  longwall  face,  will  be  as  well  recognized  as 
those  which  led  to  the  abandonment  of  the  pillar-system. 

The  writer  wishes  it  to  be  understood  that  the  suggestions  and 
opinions  herein  expressed,  relate  to  the  general  methods  of  work- 
ing coal  in  flat  or  slightly  inclined  seams,  and  that  there  are 
exceptions  to  every  rule.     For  instance,  the  steepness  of  a  mine, 


Fig.    9. — Coal-cuttixo    Machine    nearly   parallel  to   the    \VoRKiN(i-FACE 

OWING  TO  THE  WhEEIj  HAVING  CUT  4  FeET  INTO  THE  CoAL. 


where  the  end  or  bord  of  the  coal  runs  at  almost  right  angles  with 
the  line  of  level,  may  cause  difficulties  in  the  conveyance  of  coal, 
or  the  influence  of  faults  or  other  local  circumstances  may  counter- 
balance the  advantages  referred  to,  by  preventing  the  general 
principles  herein  suggested  from  being  carried  out.  At  the  same 
time,  important  advantages  are  being  obtained  in  certain 
German  mines,  where  the  writer  recommended  the  use  of  coal- 
cutting  machines  in  coal-seams  lying  at  an  inclination  of  30 
degrees. 


^34  coal-cuttixg  machixes. 

Mining  avith  Coal-ctjtting  Machines. 

As  the  longwall  system  seeks  to  minimize  the  crushing  effect 
of  the  snperincumhent  Aveight  on  the  coal,  and  to  replace  the 
pillar-and-stall  system,  so  must  the  pick  as  a  holing  tool  give  way 
to  the  coal-cutting  machine,  with  its  line  of  cutting  as  straight 
as  the  rails  on  which  it  runs  or  the  cleatage-lines  which  it  pro- 
fesses to  imitate.  This  displacement  of  the  pick  for  holing  will 
he  somewhat  akin  to  those  lines  of  improvement  by  which  the 
scythe  was  superseded  by  the  mowing-machine,  the  oar  by  the 
screw-propeller,  and  the  needle  by  the  sewing-machine. 

Important  changes  and  improvements  have  already  taken 
place  in  other  mining  operations,  for  instance,  the  high-speed  fan, 
in  lieu  of  the  ventilating-f urnace ;  mechanical  power  for  the 
horse :  the  shielded  safety-lamp  for  the  candle ;  and  the  same 
evolution  of  improvements  is  now  needed  in  the  method  of  work- 
ins"  the  coal-face. 

The  longwall  method,  which  many  years  of  experience  has 
shewn  to  be  the  only  method  by  which  the  deep  mines  of  this 
country  can  be  won,  has  unconsciously  led  up  to  the  introduction 
of  coal-cutting  by  machinery.  Without  a  long  straight  coal-face, 
the  effectiveness  of  coal-cutting  machines  is  minimized  to  a  con- 
siderable extent.  The  extra  cost  of  transporting  machines  from 
one  short  face  to  another,  as  compared  with  the  advantages  now 
being  gained  on  coal-faces  of  1,000  or  2,000  feet  or  in  one  case 
4,800  feet  in  one  straight  length  is  considerable.  In  the  thinner 
seams,  the  machines  cut  backward  and  forward  ;  but  in  thicker 
seams,  where  large  outputs  are  required,  a  loss  arises  by  waiting 
for  the  coal  to  be  filled  into  tubs.  The  experience  gained  in  work- 
ing coal-cutters  during  the  past  ten  years  shews  that  where  a  coal- 
seam,  Ij'ing  at  a  moderate  inclination,  can  be  worked  on  the  long- 
wall  system  by  hand,  it  can,  with  certain  exceptions,  not  only  be 
worked  with  equal  facility  by  machine,  but  with  the  additional 
advantages  herein  described. 

Coal-cutting  machines  producing  shallow  under-cuts  have 
been  in  regular  use  for  the  past  30  or  40  years,  and  it  is  said  to  be 
140  years  since  the  first  of  these  machines  was  invented  by  Mr. 
Michael  Menzies  for  a  Durham  colliery.  Their  use  has  been 
successful  when  working  on  the  face  of  the  coal,  or  under  con- 
ditions where  a  shallow  under-cut  was  sufficient  to  cause  the  coal 
to  fall,  or  in  thin  seams  where  the  underlying  dirt  has  been  excep- 
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tionally  stronjf,  or  to  obtain  the  efiect  of  the  superincumbeut 
weight  after  opening  out  from  the  solid  pillar,  or  financially  in 
prosperous  times  of  trade,  owing  to  scarcity  of  workmen.  Their 
adoption  has  not  been  as  general  as  expected,  partly  owing  to 
prejudice  on  the  part  of  certain  workmen,  the  inability  of  the 
working  parts  to  resist  undue  strains,  and  principally  because  the 
results  were  not  pecuniarily  beneficial.  Instances  can  be  given 
where  fruitless  attempts  have  been  made  with  a  machine  giving 
a  cut  of  3  to  3i  feet,  to  produce  the  same  effects  as  those  obtained 
in  the  same  seam,  where  years  of  experience  by  hand-holing  had 


Fig.  10. — CoAL-crTTiNG  Machine,  the  Wheel  having  cut  5i  Feet  into  the 
Coal,  ready  to  ctt  forward  along  a  Working-face,  1,9"20  Feet  lon<;. 

proved  that  nothing  less  than  an  under-cut  of  5  to  6  feet  was 
required  to  produce  the  largest  output  and  best  quality  of  coal  and 
occasionally  to  avoid  the  use  of  explosives. 

The  depth  of  cut  of  all  longwall  coal-cutting  machines  intro- 
duced up  to  the  year  1892  varied  from  2  feet  10  inches  to  3|  feet, 
with  a  thickness  of  kirving  or  under-cut  of  3  inches.  It  was 
imagined  that  a  greater  depth  of  under-cut  would  lead  to  diffi- 
culties, from  the  cutting-wlieel  and  accessories  overbalancing  the 
^body  of  the  machine,  and  that  a  machine  of  greater  weight  and 
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larger  size  beyond  those  in  use  would  be  too  cumbersome  to  be 
handled  in  the  mine. 

In  the  year  mentioned,  owing  to  the  writer  being  unable,  after 
12  months'  negotiations  with  certain  workmen,  to  agree  to  a  price 
for  getting  a  seam  of  coal,  4  feet  thick,  extending  over  a  large 
area,  besides  being  further  restricted  in  the  use  of  explosives,. 
because  of  a  serious  explosion  having  previously  occurred  at  the 
same  colliery,  he  suggested  a  machine  to  make  a  deep  under-cut. 
Previously,  in  1876,  the  writer  had  been  engaged  in  adapting  a 
coal-cutter  to  a  rotary  engine,  and  in  a  paper  read  before  the 
members  in  1882.  he  stated,  "  it  is  possible  that  coal  or  dirt- 
cutting  machines,  very  much  modified  from  those  at  present  in 
use,  will  prove  of  greater  value  than  they  have  hitherto  done,  and 
the  long  straight  face  of  the  longwall  system  will  offer  special 
facilities  for  their  successful  adoption."*  About  the  same  time, 
1882-1888,  the  writer  had  two  Winstanley-and-Barker  machines 
at  work  in  the  Haigh  Moor  coal-seam,  but  as  the  under-cut  was 
only  2  feet  10  inches  as  compared  with  5  to  6  feet  usually  holed  by 
hand,  both  machines  were  abandoned  as  soon  as  the  holing  by 
hand  became  easier  to  work  (by  reason  of  the  additional  weight 
thrown  on  the  advancing  face),  which  enabled  a  gettin'g-price  for 
the  coal  to  be  arranged  with  the  workmen. 

The  special  machine  referred  to,  with  a  wheel  designed  to 
under-cut  4i  feet,  commenced  workmg  in  1892  under  the  personal 
direction  of  Mr.  William  Buxton,  an  experienced  oflB.cial,  to  whom 
the  writer  wishes  to  take  this  opportunity  of  expressing  his  best 
thanks  for  the  assistance  that  he  has  rendered  in  the  development, 
and  especially  in  the  application,  of  the  deep  under-cut  machine. 
The  principle  of  the  4i  feet  under-cut  with  a  height  of  5  inches, 
proved  satisfactory,  reduced  the  number  of  shots  from  37  to  17  per 
day,  and  at  the  same  time  the  output  per  man  (paid  by  day)  was 
increased  from  3^  to  4i  tons  per  shift  of  8  hours.  !N^o  accidents 
occurred  from  the  formation  of  the  straight  line  of  cut,  as  pre- 
dicted by  oflEicials  of  long  experience,  consequently  the  writer 
pressed  forward  the  construction  of  a  large  wheel  to  give  5  feet 
of  under-cut,  and  on  being  worked,  it  still  further  increased  the 
output  per  man.  The  men  eventually  accepted  a  price  of  Is.  per 
*  Trans.  Midland  Inst.,  1882,  vol.  viii.,  page  2r. 
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ton  instead  of  2s.  as  originally  demanded,  and  at  this  reduced  price 
obtained  a  much  higher  wage  than  when  working  by  hand-pick. 
Later,  the  writer  designed  a  new  form  of  bracket  for  support- 
ing the  cutter-wheel,  by  which  the  depth  of  the  under-cut  was 
increased  to  5|  feet  without  increasing  the  diameter  of  the  wheel. 
This  improTcment  gave  a  greater  width  between  the  roof-break 
and  solid  coal,  and  enabled  a  line  of  6  inches  props  to  be  set 
under  the  solid  roof,  instead  of  near  the  break,  an  advantage  which 
cannot  be  obtained  when  a  shallow  under-cut  is  made  (Fig.  19, 
Plate  XXI.).     Still   later,  the  use  of  explosives   was   in  many 


Fig.  11.  — Machi>'e-holi>'g,  5i  1>"chks  thick,  to  a  Depth  of  5i  Feet,  and 
Stallmax  removing  Wedges. 


instances  dispensed  with,  and  the  output  of  coal  increased  to  more 
than  an  average  of  6  tons  per  man  cut  by  macliine,  as  compared 
with  an  ave'rage  of  3i  tons  cut  by  hand. 

In  another  seam,  the  under-cut  was  successfully  increased  to 
7  feet  (Fig.  17),  but  practice  has  shewn  that  this  depth  of  straight 
■cut  is  beyond  ordinary  requirements  and  may  cause  difficulties 
both  from  coal  and  roof. 

The  writer  claims,for  the  preceding  reasons, to  be  the  originator 
■of  the  principle  of  deep  under-cutting  by  machine  on  the  long- 
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wall  method,  and  acknowledges  the  help  received  from  others- 
in  carrying  out  details  of  construction,  derived  from  actual  experi- 
ence at  the  coal-face. 

Coal-cutting  machines  carrj^  out  in  a  more  perfect  way  the- 
principles  of  holing,  and  it  will  be  noticed  how  nearly  the  lines  of 
cut  and  artificial  fracture  imitate  the  lines  of  cleat  (Figs.  18  and 
19,  Plate  XXI.).  It  cannot,  however,  be  expected,  even  with  a 
straight  under-cut,  that  the  line  of  break  can  be  as  straight  as  a 
line  of  cleat,  as  the  under-cut  coal  has  to  shear  itself  from  the  main 
block. 

Science  has  been  defined  to  be  *'  the  answer  made  by  Xature 
to  the  questions  put  to  her  by  man  ; ''  and  in  no  branch  of  engineer- 
ing is  scientific  reasoning  more  required  than  in  coal-mining, 
which  is  largely  dependent  upon  the  efi'ect  of  natural  forces. 

If  a  coal-seam  be  under-cut  to  a  depth  of  3  feet,  and  if,  after  the 
artificial  supports  are  withdrawn,  the  coal  does  not  fall :  Xature 
shews  by  this  answer  that  the  breaking-depth  of  the  seam  has  not 
been  properly  gauged,  and  the  cut  requires  to  be  made  deeper ; 
or  the  adhesion  between  the  roof  and  top  of  the  coal,  and  the 
cohesion  of  the  back  of  the  excavated  coal  and  the  seam  beyond, 
has  yet  to  be  overcome.  Trial-cuts  with  a  machine,  possessing 
a  deep  under-cut  wheel,  must  then  be  made  until  the  true  answer 
is  obtained.  The  result  of  such  experiments  decides  the  depth  of 
the  under-cut,  and  the  exact  position  where  the  incision  must  be 
made.  It  also  indicates  the  form  of  machine,  as  regards  height, 
width,  and  other  details  of  construction,  which  must  be  governed 
by  the  natural  conditions  of  the  mine.  To  attempt  to  work  the 
mine  to  suit  a  particular  machine  is  to  court  disappointment  and 
loss.  Several  instances  could  be  quoted  where  a  particular 
machine  has  given  excellent  results  in  one  seam,  while  the  same 
form  of  machine  has  caused  inconvenience  and  loss  in  another 
mine,  until  a  special  machine  had  been  constructed. 

The  desire  of  the  miner  may  be  to  have  a  machine  of  light  con- 
struction, but  experience  has  shewn  that  the  machine  which  has 
to  serve  as  its  own  foundation  must  contain  the  necessary  weight 
to  allow  sufficient  power  and  strength  to  be  produced,  not  only 
to  overcome  all  the  natural  conditions  connected  with  the  seam, 
but  to  maintain  the  proper  line  of  cut,  and  at  the  same  time  to- 
excavate  the  dirt  or  coal  at  a  minimum  cost.  When  the  roof  is 
of  a  tender  nature  and  experience  shews  that  a  specially  quick 
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advaace  of  the  whole  leng-th  of  face  is  needed  to  "  pluck  '"  or 
'*  snatch,"  as  it  were,  the  seam  from  the  effect  of  the  overlying 
strata,  it  is  essential  that  there  should  be  an  excess  of  power  in 
the  air-cylinders  or  electric  motors.  The  machine  also  requires, 
to  be  of  the  requisite  strength,  to  withstand,  not  only  the  resist- 
ance due  to  working,  but  the  sudden  and  unexpected  strains^ 
which  the  natural  conditions  of  the  seam  demand. 

The  writer  thinks  it  better  to  carefully  abstain  from  recom- 
mending any  particular  make  of  machine.     Many  papers  have 


Fig.  12. — Holing  to  a  Depth  of  5|  Feet,  and  on  the  Wkd<;E8  being 
withdrawn,  the  coal  falls  in  cubical  pieces,  being  out.side 
OF  THE  Influence  of  the  Roof-weight. 


been  read  before  mining  institutes,  and  articles  have  appeared  in 
mining  journals  describing  rotary,  bar,  and  chain  coal-cutting 
machines,  with  their  modifications  and  advantages,  together  with 
the  cost  of  compriessed-air  and  electric  coal-cutting  installations, 
which  cannot  here  be  referred  to,  as  the  estimates  could  only  be 
approximate  owing  to  the  requirements  being  so  varied.  The 
cost  of  repairs  and  renewals,  which  are  important  items,  cannot 
be  mentioned  here  for  the  same  reason. 
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In  the  writer's  opiniou  it  will  be  sufficient  for  the  purpose  of 
proving  the  arguments  and  statements  now  advanced,  if  an 
incision  be  made  by  a  machine  which  will  under-cut  the  required 
depth  and  thickness  in  the  most  suitable  part  of  the  seam  or 
dirt.  At  the  same  time,  it  must  be  mentioned,  that  in  order  to 
make  this  communication  of  greater  interest  to  the  members,  on 
the  principle  that  illustrations  often  convey  a  better  idea  than 
printed  matter,  or  that  the  eye  will  sometimes  take  in  more  than 
the  ear,  a  number  of  photographs  have  been  made  of  deep  under- 
cut rotary  machines.  It  will  also  be  understood  from  an  experi- 
ence gained  by  the  writer  in  the  construction  of  over  150  machines 
in  which  the  cut  or  incision  varies  from  floor-level  to  a  height  in 
the  seam  of  3i  feet  above  the  rail,  and  from  an  inspection  of 
various  seams  of  coal  in  the  mining  districts  of  Durham, 
Xorthumberland,  Yorkshire,  Lancashire,  the  Midland  counties, 
and  various  steep  mines  in  Germany,  that  many  interesting  details 
connected  with  the  under-  and  over-lying  strata,  hardness  of  the 
material  to  be  cut,  area  excavated,  etc.,  could  be  introduced  in 
this  paper.  But,  the  writer  thinks  it  will  be  sufficient  to  mention 
that  a  coal-cutting  machine  should  possess,  among  other  quali- 
fications, the  following  :■ — ■ 

(1)  The  machine  must  be  capable  of  holing  not  only'to  a  depth 
of  4  feet  but  to  such  a  depth,  say,  5,  6,  or  7  feet  as  past  experience 
■of  the  working  of  the  coal-seam  by  hand  or  pick  may  direct ;  and 
with  the  object  of  dispensing  as  far  as  possible  with  the  use  of 
explosives,  at  the  same  time  to  under-cut  an  area  of  coal  sufficient 
to  reduce  the  cost  of  cutting  to  a  minimum. 

(2)  The  cut  must  be  of  such  a  height  in  dirt,  say  5  inches  or 
more,  as  to  cause  a  complete  vertical  fracture  to  take  place  between 
the  excavated  and  solid  coal,  so  that  when  a  subsidence  of  the 
roof  takes  place  the  clearance  made  by  the  machine-cut  is  still 
sufficient  to  prevent  the  coal  from  being  wedged  or  crushed  (Figs. 
12  and  13). 

(3)  The  machine  should  be  simple  in  construction,  so  that  in 
case  of  accident  an  ordinary  mechanic  or  colliery-fitter  may  repair 
it,  and  by  having  the  fewest  working  parts  liable  to  derangement 
■or  to  undue  wear-and-tear,  frequent  stoppages  are  prevented. 

(4)  Every  part  of  the  machine  should  be  made  of  the  very  best 
-and  most  siiitable  material,  with  the  mechanical  strains  evenly 
distributed  to  ensure  steady  working ;  and  of  such  strength  that 


COAL-CrXTIXG    MACHIXES. 


241 


if  the  machine  is  covered  cr  burie.l  by  a  fall  of  roof  it  may  be  dii^ 
out  witliout  injury. 

(5)  The  machine  shOuhl  be  of  such  dimensions  and  weiorht  that 
it  may  be  easily  handled  and  transported  by  the  men  :  and  while 
working,  should  produce  a  minimum  of  vibration,  even  when  sub- 
ject to  considerable  resistance  by  the  material  to  be  cut,  or  when 
workincr  on  an  uneven  tram-road. 

(6)  Sufficient  compressed  air  or  electric  power  should  be 
supplied   to   maintain   the   cutter-disc   at  a   proper   speed:    and 


ill..     \'A. — J^uLl.Ni;    Tu    A    JJEPTH    UK    Oti    i-EI-.l.    AMi    ()>    THE    \\"k1J(;ES    Ji'.EIXC 
WITHDRAW^-,    THE   StROXG   CoAL   FALLS   AS   ONE   PlECE. 


Avhen  working  against  exceptional  resistance,  it  should  be  as  noise- 
less as  possible,  so  that  the  men  in  attendance  may  hear  any 
indications  of  the  giving-way  of  the  roof. 

(7)  The  arrangement  of  the  stop-valve  or  switch  should  always 
be  within  touch  of  the  attendant,  so  that  in  case  of  accident  the 
machine  can  be  instantly  stopped. 

(8)  The  rate. of  travel  or  cutting  should  be  capable  of  adjust- 
ment while  the  machine  is  in  motion,  in  order  to  suit  the  nature 
of  the  dirt  or  other  material  being  h(ded  ;  and  an  excess  of  power 
should  likewise  be  available  to  overcome  anj-  debris  which  may 

fall  and  tend  to  wedge  the  cutting. 

21 


242 


COAL-CUTTING    MACHINES. 


(9)  The  inacliiue  should  be  arrauored  to  cut  from  left  to  right, 
and  vice  versa. 

(10)  The  edges  of  the  cutters  should  he  placed  as  nearly  a& 
possible  equidistant  from  the  centre,  to  ensure  regularity 
of  cut  and  to  obtain  equality  of  strains  in  the  machine.  The 
(•utting-tot)ls  attached  to  the  periphery  of  the  wheel  must  be 
rigidly  fixed,  but  in  such  a  manner  that  they  may  be  quickly 
changed  or  reversed.  The  cutters  should  be  handy  and  portable, 
easily  repaired,  and  when  too  much  worn  for  further  use,  leaving 
the  least  amount  of  waste-material. 


Fill.  14. — MaCHIXE-HOLI>"G  AFFORDS  MORE  TiME  TO  THE  StALLMAX  FOR  TIMBERING, 
PACKIXG,  ASSISTING  TO  FILL,  COAL,  ETC.,  THAN  WHEN  HOLING  BY  HaND,  AND 
CONSEQCEyTLY  GREATER  SAFETY. 

(11)  The  cutters  must  clean  out  as  much  as  possible  of  the  small 
coal  or  dirt  in  the  process  of  cutting,  and  prevent  the  same  from 
being  wedged  and  causing  extra  difficulties  in  the  removal  of 
the  coal. 

(12)  An  arrangement  should  be  provided  that  the  machine 
may,  if  required,  cut  its  own  way  under  the  coal  (Figs.  7,  S,  9" 
and  10). 

(13)  Some  part  or  parts  should  be  provided  about  the  machine- 
to  act  as  a  species  of  safety-valve  in  case  of  a  heavy  weight  bury- 
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ing  the   macliiiie,    and   siicli   part   sliould   be   the  cheapest   and 
quickest  to  renew. 

With  a  machine  possessing  the  foregoing  qualifications,  a 
good  set  of  machine-men  should  preserve  the  straight  line  of  face  : 
keep  the  under-cut  dirt  clear  from  the  cutting-wheel  and  so  pre- 
vent it  from  again  entering  into  the  excavation  :  systematically  set 
the  timber  (Fig.  16  :  and  Fig.  20,  Plate  XXI.) :  leave  each  work- 
mg-stall  passetl  through  in  a  safe  condition,  to  enable  the  miners 
to  fill  coal  inniiediately  on  commencing  work  in  the  following 


Fig.  15. — Stallmax  filling  Coal. 

shift ;  besides  carrying  out  other  necessary  detail  work  by  which 
the  output  may  be  increased,  the  underground  cost  of  production, 
reduced,  and  the  selling  price  of  the  coal  enhanced  in  value  by 
more  cubical-shaped  pieces  with  a  reduced  percentage  of  low- 
priced  or  small  coal. 

The  following  are  some  of  the  advantages  which  have  actually 
resulted  by  the  use  of  deep  under-cut  machines :  — 

(1)  170,000  tons  of  machine-got  coal  is  being  wrought  per 
annum  from  one  seam,  9(i0  feet  deep  and  4  feet  thick,  the  output 
per  man  varying  from  bh  to  6^  tons  (Fig.  25).  The  standard 
getting-price  is  Is.  per  ton :   the  total  underground  cost,  3s.  2id. 
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per  ton  :    aud  miners  earned  9s.   lOjd.   and  fillers,  8s.   per   day 
(Appendix  I.,  case  B). 

(2)  From  another  seam,  1,500  feet  deep  and  -jj  feet  thick,  4,200 
tons  of  macliine-lioled  coal  is  being  g-ot  per  week  :  the  average 
output  per  man  per  day  being  6i  tons  ;  the  standard  getting-price, 
lid.  per  ton  :  the  total  underground  cost,  -js.  l^d.  per  ton  :  and 
stallmen  earned  10s.  9jd.  and  fillers  7s.  8d.  per  day  (Tig.  2G,  Plate 
XXI. ;  Appendix  I.,  case  C  ;  and  Appendix  II.). 

(3)  In  a  seam  390  feet  deep  and  2  feet  10  inches  thick :  the 
output  per  man  being  8i  tons,  and  the  getting-price,  Is.  per  ton  ; 
the  stallmen  earned  10s.  5d.  and  the  fillers  7s.  3d.  per  day  (Figs. 
27  and  28,  Plate  XXI. ;  and  Appendix  I.,  case  A). 

(4)  Although  most  of  the  observations  in  the  paper  refer  to 
uiining  deep  coal,  yet  considerable  advantages  are  at  present  being 
obtained  by  machines  cutting  in  seams  varying  from  17  to  24 
inches  thick,  and  lying  at  a  depth  of  450  feet  below  the  surface. 

In  some  of  these  thin  seams,  the  machines  have  been  the  means 
of  prolonging  the  life  of  the  colliery,  utilizing  a  valuable  plant, 
producing  an  improved  sample  of  coal,  with  profit  to  the  coal- 
owner,  and  enhanced  wages  to  the  workmen.  AVithout  the  adop- 
tion of  the  coal-cutter,  there  are  instances  where  old  collieries 
only  possessing  thin  seams  of  coal  woTild  have  been  at)andoned, 
and  a  valuable  plant  sacrificed. 

With  respect  to  the  relative  advantages  of  the  most  suitable 
drivinsr-power,  the  writer  refers  members  to  his  paper  written 
in  1899,  on  "  The  Comparative  Advantages  of  Electricity,  Steam 
and  Compressed  Air  for  Mining  Purposes."'*  The  writer 
believes,  however,  after  28  years'  experience  with  compressed-air 
motors  in  underground  work,  that  it  is  the  only  power  that  can 
be  safely  used  in  certain  deep  gaseous  mines,  where  the  natural 
difficulties  are  quite  sufficient  without  the  introduction  of  arti- 
ficial dangers.  On  the  other  hand,  there  are  many  mines  which 
can  be  worked  safely  and  with  advantage  by  electricity.  The 
last  few  years  have  shewn  that  electrically-driven  machines  are 
able  to  cut  an  equal  and  occasionally  a  greater  distance,  under 
precisely  the  same  conditions,  as  compressed-air  machines.  An 
electric  installation  on  the  multiphase  system,  erected  about  4 
years  ago,  for  cutting  a  coal-face  4,500  feet  from  the  shaft,  has 
given  complete  satisfaction.     There  is  little  doubt  that  in  the 

*  Mhuites   of  Procnerlinijs   of  the   In-'itifnfiov  of  Ciril  Eiigiiififrs,    1899.  vol. 
cxxxviii.,  page  436. 
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near  future,  as  central-stations  for  the  supply  of  electricity  are 
established,  many  forms  of  mechanical  power  will  supersede 
hand-labour  and  many  of  these  will  be  suitable  for  colliery-work. 
At  the  present  time,  in  the  United  Kingdom,  coal  got  by 
machinery  bears  only  a  small  proportion  to  the  output  by  hand- 
holing.  The  last  return  shews  only  3^  millions,  as  compared  with 
52  millions  in  the  United  States  of  Xorth  America  for  almost  a 
similar  output,  exceeding  '-209,000,000  tons.  The  next  decade  will 
undoubtedly  mark  a  great  increase  in  mechanical  cutting.  C'oal- 
cutting  machines  made  in  this  country  have  now  passed  the  experi- 


FiG.  10. — Timbering  :    Proi'S.  Chocks  and  Face-bar.s  set  in  a  Stkakjht  Line. 

mental  stage  :  and  the  opinion  of  a  large  number  of  workmen, 
based  on  ten  years"  experience  with  the  machine,  as  compared  with 
a  similar  experience  with  holing  by  pick,  is  in  favour  of  machine- 
holing,  inasmuch  as  higher  and  more  regular  wages  can  be 
obtained,  less  arduous  work  is  required,  combined  with  greater 
safety,  and  other  advantages  (Appendices  I.  and  II.). 

Xo  difhculty  has  been  experienced  in  training  underground 
workmen  to  adapt  themselves  to  holing  by  machine. 

The  machine-men  work  in  an  upright  position  as  compared 
with  the  cramped  one  adopted  by  men  using  the  pick  and  lying 
underneath  the  coal  (Figs.  5  and  6).     Over  1,100,000  tons  of  coal 
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have  beeu  got  by  machine,  with  four  reported  accidents,  as  com- 
pared with  315,000  tons  got  by  hand  or  pick  in  the  same  seam  for 
the  same  number  of  accidents.  The  short  sprags  (Fig.  11)  are 
more  easily  set  by  unskilled  men,  this  being  partly  due  to  the 
flat  surface  made  by  the  machine-cut,  as  compared  with  the  slop- 
ing coal-face  made  by  hand-holing,  against  which  the  long  sprags 
have  to  be  skilfully  set  and  properly  stamped.  It  may  also  be 
mentioned  that  tlie  triangular  piece  of  coal,  which  the  miner  cuts 
away  to  obtain  a  greater  depth  of  excavation,  has  to  be  replaced 
by  a  timber-prop  (Fig.  5).  Owing  to  the  difficulty  in  doing  this, 
or  want  of  skill,  a  great  number  of  accidents  have  resulted  in 
past  times. 

Since  the  introduction  of  the  machine  with  a  deep  under-cut, 
the  use  of  explosives  has  been  greatly  reduced  and  in  some  in- 
stances abolished. 

If  the  depth  of  cut  be  too  small,  the  timber  must  be  set  very 
near  the  line  of  break  (Fig.  28,  Plate  XXI.). 

The  coal-face  is  for  a  longer  period  more  equitably*  protected 
from  the  action  of  the  superincumbent  weight,  by  allowing  each 
square  foot  of  seam  to  bear  an  equal  pressure,  instead  of  throwing 
the  weight  on  projecting  knobs  or  pieces  of  coal. 

The  thickness  of  the  cut  being  sufficient  to  allow  of  a  complete 
fracture,  the  excavated  coal  is  removed  from  the  influence  of  the 
roof -pressure  which  latter  is  duly  taken  up  b}'  settling  on  the  pack- 
walls  (Fig.  12).  As  a  consequence  of  this,  a  much  reduced  per- 
centage of  small  coal  is  produced,  as  compared  with  that  holed 
with  the  pick. 

A  straight  line  of  cut  worked  "  end-on  "  prevents  the  Avorkmen 
from  slabbing  the  coal,  altering  or  inclining  the  coal-face  to  bord- 
ways,  and  it  also  presents  a  surface  of  least  resistance  to  the  cir- 
culating air. 

Assuming  an  advance  of  coal-face  equal  to  Ki^j  feet,  with  a 
deep  under-cut  machine,  the  timber  would  in  four  weeks  be  set 
12  times,  Avhereas  with  a  shallow  under-cut  machine,  the  timber, 
packing,  rail-laying,  etc.  Avould  for  the  same  advance  have  to  be 
set  21  times.  The  time  thus  occupied  in  setting  timber,  etc.  would 
be  available  for  filling  coal  (Figs.  1-1  and  15),  Avhereby  a  larger 
output  per  man  would  be  obtained,  varying  from  4i  to  10  tons  per 
man  per  shift  according  to  the  conditions  of  the  mine. 

Owing  to  the  lines  of  break  being  straight  and  fewer  in  number 
than  the  irregular  and  numerous  fractures  produced  by  hand- 
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lioliug,  experience  has  shewn  that  the  stall-gates  and  cross-gates 
are  maintained  with  less  expense,  as  the  sides  of  such  roads  do 
not  slab  or  easily  fall. 

In  addition  to  the  foregoing,  other  advantages  may  be  sum- 
marized, namely: — (1)  Fewer  men  are  required  at  the  coal-face, 
owing  to  the  output  per  man  being  greater  ;  (2)  increased  and 
more  regular  output  per  man  ;  (-J)  less  arduous  labour  ;  (4)  better 
quality  of  coal :  (5)  greater  tonnage  from  a  smaller  area  of  coal- 
field; (6)  saving  in  timber;  (7)  rediiced  cost  of  production;  and 
(8)  minimum  damage  to  the  overlying  seams  and  surface-property 
by  a  more  regular  settlement  of  the  intervening  strata:   etc. 


Fig 


17. —Holing  TO  A  Depth  of  7  Feet,  with  .ax  Electkicallv-dkivex 
Coal-cutting  Machine. 


Xo  hard-and-fast  rule  can.  Iiowcver,  be  laid  down  in  mining 
operations,  and  it  is  more  difficult  to  make  laws  for  seams  lying 
at  a  steep  inclination  than  in  the  case  of  flat  seams. 

The  writer  wishes  to  mention  his  indebtedness  to  Mr.  Henry 
Crowther,  Leeds,  who  has  made  all  the  pliotographs  ;  to  his  assist- 
ant, Mr.  Tames  Hopwood,  for  tlie  electric  light  provided  at  long 
distances  from  the  pit-shaft :  and  to  the  other  officials  connected 
with  the  West  Eiding  collieries  for  the  kind  assistance  that  they 
haA'e  rendered  in  the  production  of  tin's  paper. 
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lu  coiiclusiou,  the  writer  wishes  to  explain  that  in  the  fore- 
going remarks  he  has  endeavoured  to  keep  before  him  the  objects 
of  til  is  and  other  scientific  institutions,  namely,  "  the  art  of  direct- 
ing- tlie  great  sources  of  power  in  Mature  for  the  use  and  con- 
venience of  man,""  and  he  ventures  to  hope  that  the  information 
introduced  and  the  points  raised  with  respect  to  straight  lines 
in  nature,  straight  lines  of  cut,  straight  lines  of  fracture,  and 
straight  lines  of  timbering,  may  in  working  certain  seams  of  coal 
prove  of  service  to  the  coal-owner,  workman  and  consumer. 

APPENDIX  I.— Detaii^  of  Seams  out  by  Machinery. 


I 


Case  A. 


Case  B. 


Section  of  seam  : 

I' oof:    Blue  bind 

,^"im :  Coal     ... 

Inferior  coal  and  dirt 

Tliill :   Spavin... 
Depth  below  surface 
Inclination  of  seam 
Method  of  workine 


Feet. 


Depth  undercut  by  machine      ...   Feet. 

Thickness  of  cut   .' Inches. 

Average  distance,  over  1  month,  cut  bj' 

machine  per  8  hours  shift     ...   Feet. 
Number      of      men      employed     with 

machine  ...         ...         ...    Men. 

Average  weight,  over  1  month,  got  per 

man  per  shift  ...  ...  ...  Cwts 

Weight  of  coal  in  tubs    ..  ...  Cwts. 

Average  number  of  tubs  filled  per  man 

per  shift  Tubs 

Average  wages,  over  1  month,  earned 

per  shift  :  stallmen    .  . 
Average  wages,  over  1  month,  earned 

per  shift :  fillers 
Conditions  of  work 


[        2     10 
U       9 

390 
I  in  IG. 
Longwalland 
packed  gate- 
ways. 


960 

Level. 


1,500 
Level. 


End-on  longwall  and 
packed  gateways. 


ISO 


170 


34 


5  to  6 

2261 

3 

IllJ 

8^ 

13 


lOs.  od.      i     9s.  lOjd. 


7s.  3d. 


5  to  6 
'      129 
3 

130^ 

«i 

16 

10s.  Old. 

7s.  8d. 


8s.  Od. 
...|Stallmen"do  timbering,  tilling,  packing, 
making  height,  etc. 


Special  men  drive  and  clean-up  small 

coal  and  dirt  after  the  machine       ...' 

Thickness  of  dirt  taken  up  for  packing 

Inches. 
Diameter  of  props  . . .  Inches. 

Width  between  props     ...         ...   Feet. 

Dimensions  of  chocks      ...  Inches. 

Width  between  chocks   ...         ...   Feet. 


Paid  datal  wages. 


Thickness  of  ripping 
Width  of  ripping  ... 
Getting  price  :  hand-holing 

Do.  machine-holing 

Illustrations,  Plate  XXI. 


Inches. 
..   Feet. 


4  I 

3.^ 

4" 
(  Chocks  are 
^  used  where 
I    requii'ed. 

24 


l.T 

6 

4 

5  > 
24 

36 


19 


Is. 
Is. 

Figs. 


lid. 
Od. 
27,  28. 


Is.  9d. 

Is.  Ud. 
Figs.  2,3,4,5, 
6,  11,  12,  13, 
14,  15,  16.  20 


6   X 


15 


6  > 
24 

28 

7 


Os.  lid. 

Figs.     7,     8, 

9,  10.  IS,  19, 

26. 


*  Fig.  28,  Plate  XXI. 
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APPENDIX  II.— Tablk  showing  Comparative  Cost  of  working  a  Skam,  6  Feet 
THICK  and  240  Feet  deep,  by  Hand  ;  and  a  Seam,  3.}  Feet  thick  and  1,500 
Feet  deep,  bv  Coal-cftting  Machinery. 


Working  by  Hand. 

Working  by  Coal-cutting 

Machinery. 

Thiekncs.s  of  seam 

6  Feet. 

3i  Feet. 

Depth  of  seam        

240  Feet. 

l,500.Feet. 

Standard               Including 

Standard        1       Including 

I 

nies.              o7*  per  cent. 

Prices.          1     57J  per  cent. 

5 

<1.                  s.        d. 

s.        d.                   .s.        d. 

Coal-gettint;         

1 

ooO            2     3-56 

0  11-00 

1     5-32 

Bord-stalls           

- —                      — 

0    0-72 

0     1-14 

Cutting     ... 

_                      — 

0    3-08 

0     4-82 

Cleaning  ... 

—                     — 

0     1-40      '      0    2-22       1 

Ripping    ... 

_                     _ 

0    3-40            0    5-35       1 

Superintendence 

0 

1-4.-)            0     2-29 

0    0-87            0     1-37 

Water       

0 

0-74            0     116 



Horse-keeping     

0 

0-41             0     0-6.") 

0    015            0    0-23 

Hurrying... 

0 

3-23            0     .3  OK 

0     1-58            0     2-49 

Bye- work... 

0 

1-41            0     2-22 

0    0-53           0    0-83 

Main-roads           

— 

0    0-90      I      0     1-42 

Totals 

2 

0-74            3    2-97 

1   llCl            3     119 

Average  daily  earnings  : 

Stallmen         

o 

9                 9     Oi 

6  10               10    9\ 

i 

Average  weight  wrought 

per  man  per  shift 

H3k  cwts. 

130i 

cwts. 

EXPLANATIOX  OF  PLATE  XXI. 

Fig.  18. — Plan  (from  actual  measurements)  of  a  straight  line  of  longwall  coal-face 
in  a  seam,  3  feet  3  inches  thick  and  1,500  feet  deep,  holed  by  coal-cutting 
machines  to  a  depth  of  Ow  feet.  The  lines  of  break,  following  the  lines  of 
each  cut,  are  5^  feet  apart,  and  the  cleatage-planes  run  at  right  angles  to 
the  coal-face. 

Fig.  19. — Section  showing  the  lines  of  break,  5^  feet  ai)art,  in  the  overlying  strata, 
on  line  X  Y  of  Fig.  18. 

Fig.  20. — Plan  of  a  longwall  coal-face,  with  packed  gatew  ays,  wastes,  .straight  lines 
of  timbering,  etc.,  in  a  seam,  4  feet  thick  and  900  feet  deep. 

Fig.  21. — Plan  of  a  long-wall  coal-face,  AB,  3,000  feet  long,  advancing  6  feet  per 
week  by  hand-holing  (this  rate  of  advance  is  based  upon  actual  experience) 
that  only  produces  the  same  tonnage  of  coal  as  a  longwall  coal-face,  C 1),  1,092 
feet  long,  advancing  3  cuts  or  16^  feet  per  week  by  machine-holing.  The  same 
produce,  2,573  tons  per  week,  is  obtained  from  each  length  of  coal-face,  A  B 
or  C  D,  but  there  is  a  greater  percentage  of  large  coal  where  the  holing  is 
cut  by  machines,  and  a  greater  percentage  of  small  coal  where  the  holing  is 
cut  by  hand.  With  hand-holing,  1 ,908  feet  of  extra  length  of  coal-face,  E  F, 
is  subjected  for  a  longer  time  to  the  effects  of  the  superincumbent  pressure, 
resulting  in  crushed  coal,  and  increased  cost  of  gatewaj's,  timber,  rails,  etc_ 

Fig.  22.  — Section  of  a  seam,  3^  feet  thick  and  1,260  feet  deep,  showing  the  lines 
of  break  (from  actual  measurements)  resulting  from  hand-holing. 
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Pig.  '23. — Plan,  on  line  AB  of  Fig.  2'2,  showing  the  irregular  Hue  of  bi'eak,  E  F, 
resulting  from  hand-holing  similar  to  the  line,  <  t  H,  shown  iu  Fig.  24. 

Fiii.  24. — Plan,  on  line  C  D  of  Fig.  22,  showing  the  sinuous  line  of  holing,  <t  H, 
which  is  produced  by  hand-labour  :  the  eonse<^itient  irregular  line  of  break, 
E  F,  is  shown  in  Fig.  23. 

Fk;.  25. — Plan  of  the  actual  workings  in  a  coal-seam,  4  feet  thick  and  960  feet 
deep,  made  duriag  the  years  1892  to  1901,  showing  the  alteration  in  the 
method  of  working  from  longwall  retrograde  with  roadways  through  coal- 
pillars  to  longwall  advancing  with  packed  gateways. 

Pig.  26. — Plan  of  the  actual  workings  in  a  coal  seam,  3j  feet  thick  and  1,.")00  feet 
deep,  by  coal-cutting  machines  holing  to  a  depth  of  5h  feet. 

Fig.  27. — Plan  of  the  actual  workings  in  a  coal-seam,  2^  feet  thick  and  390  feet 
deep,  showing  coal-faces  which  have  advanced  467  and  533  feet  per  annum 
respectively  by  the  use  of  coal-cutting  machines. 

Fm-.  28. — Section  showing  the  lines  of  break  (from  actual  measurements)  resulting 
from  machine-holing  in  the  same  seam  as  Fig.  27. 


The  Presidknt  (Mr.  .Tohn  Gerrard)  said  that  Mr.  Garforth  had 
shewn  the  members  that  coal-cutting  b}'  niachiuerv  could  be  done, 
and  was  being  done,  with  less  arduous  labour  to  the  workers,  and 
with  increased  safety.  Mr.  Garforth  had  given  convincing  figures 
proving  that  the  working  of  coal  by  machinery  resulted  in  an 
increased  output  and  increased  earnings  to  the  workers,  and  the 
fact  that  this  was  not  generally  known  might  explain  some  of  the 
prejudice  which  existed  in  the  minds  of  colliers  against  coal- 
cutting  machinery.  The  reduction  of  the  cost  was  not,  to  his 
mind,  the  only  ciuestion,  but  increased  output  and  increased  safety 
were  two  paints  to  which  they  would  have  to  look  in  the  future. 
They  were  not  to  be  beaten  by  Americans  ;  what  had  been  done  in 
America  could  be  done  here,  and  he  felt  sure  that  the  day  would 
quickly  come  when  it  Avould  be  better  done. 

Mr.  G.  Blake  AValker  said  that  in  all  mining  operations  they 
were  constantly  working  to  a  greater  or  less  extent,  all  of  them, 
by  rule  of  thumb,  and  the  general  laws  which  governed  their  o]3era- 
tions  were  very  imperfectly  understood.  Consequently,  they 
blundered,  and  carried  out  their  work  far  less  successfully  than 
they  would  do,  if  their  knowledge  were  more  accurate.  Although 
he  had  been  connected  Avith  coal-cutting  work  as  long  as  most 
people  in  the  Midland  district,  and  although  many  of  the  facts 
which  Mr.  Garforth  had  placed  before  the  members  had  been 
forced  upon  his  own  observation,  yet,  aided  by  the  photographs 
which  had  been  thrown  upon  the  screen,  he  had  more  clearly 
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realized  some  of  the  general  principles  which  underlaid  the  whole 
(liiestion.  He  Avas  sure  that  the  members  Avould  feel  deeply 
indebted  to  Mr.  Garforth  for  his  paper,  and  for  the  way  in  which 
lie  had  worked  at  this  problem  for  twenty  years  past.  Mr.  Gar- 
forth's  success,  which  had  cost  him  and  his  company  much  money, 
had  paved  tlie  way  for  other  people  now  to  step  in  and  to  take 
advantage  of  his  experience  gained  by  work  done,  without  having 
to  cover  the  preliminary  cost.  They  had  Iiad  to  fight  and  struggle 
-against  an  extraordinary  amount  of  prejudice  on  the  part  of  the 
miners,  and  the  reason  tliat  coal-cutting  had  not  been  taken  up 
in  the  past  as  it  should  have  been,  Avas  that  it  had  been  made 
almost  impossible  to  derive  any  pecuniary  benefit  from  coal-cut- 
ting machines.  It  was  only  within  the  last  five  or  six  years,  as 
far  as  he  knew,  that  the  financial  side  of  coal-cutting  had  been 
satisfactory.  The  difficulties,  with  Avhich  they  had  had  to  con- 
tend, had  for  many  years  made  coal-cutting  a  doubtful  matter  as 
regards  finance  :  but  henceforward,  he  believed  that  those  who 
iidopted  machinery  would  reap  a  considerable  financial  advantage. 
The}-  all  desired  that  Mr.  Gartorth's  firm  might  be  very  successful 
and  that  coal-cutting  generally  mig'ht  have  a  great  future  in  this 
country.  He  had  great  pleasure  in  proposing  a  hearty  vote  of 
thanlvs  to  Mr.  Garforth  for  his  paper. 

Mr.  Isaac  Hodges  seconded  the  resolution,  which  was  unani- 
anouslj-  adopted. 
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THE  MIDLAND  IXSTITUTE  OF  MIXIXG,  CIVIL  AXD 
MECHAXICAL  EXGIXEERS,  AXD  THE  MIDLAND 
COrXTIES  IXSTITIJTIOX  OF  EXGIXEERS. 


JOINT  MEETING, 

Held  at  the  Royal  Victoria  Station  Hotel,   Sheffield, 
JrxE  14th,  1902. 


Mr.  JOHN  GERRARD  in  the  Chair. 


The  following  gentlemen  were  elected  to  the  Midland  Institute 
of  Mining.  Civil  and  Mechanical  Engineers,  having  been  ])ve- 
viously  nominated :  — 

Members  — 
Mr.   WiLLiAii  McDonnell  Mackey,  Consulting  Chemist  and  Chemical  Engineer, 

Victoria  Chambers,  Sov;th  Parade,  Leeds. 
Mr.  Charles  Tinker,  Colliery-owner,  Meal  Hill,  Hepworth,  near  Huddersfield. 

Stcdent — 

Mr.  Herbert  R.\msden,  Mining  Apprentice,  Edgemoor,  Rutland  Road,  Harrogate. 


DISCLiSSIOX  OF  ME.  ^y.  E.  GARFOETH'S  PAPEE 
OX  -THE  APPLICATIOX  OF  COAL-CUTTIXG 
MACHIXEEY     TO     DEEP     MIXIXG."'* 

Mr.  AV.  E.  Garfortii  repeated  part  of  his  paper,  and  the 
illustrations  were  also  reproduced. 

Mr.  G.  E.  Coke,  in  moving  a  vote  of  thanks  to  Mr.  Garforth. 
remarked  that  he  had  shewn  that  by  properly  keeping  a  careful 
record  of  work  that  had  been  done  they  could  obtain  most  valuable 
information ;  but  he  (Mr.  Coke)  feared  that  many  managers  of 
collieries  never  realized  the  importance  of  keeping  accurate 
records. 

The  Chairman  (Mr.  John  Gerrard),  in  seconding  the  vote  of 
thanks,  said  that  it  had  been  a  delightful  treat  to  see  on  a  screen 
what  they  might  not  see  though  they  entered  a  mine  hundreds  of 
times ;  and  information  on  the  subject  of  fractures,  etc.,  which  it 
was  most  desirable  they  should  have,  had  been  well  put  before 
the  members. 

*   Tram.  Inst.,  M.E.,  1902,  vol.  xxiii.,  page  311. 
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Mr.  Maurice  Deacox  (Slieepbridg-e  Iron-works)  said  that  Mr. 
Garfortli  had  covered  so  vast  an  extent  of  ground  that  the  work 
t)f  criticizing  such  a  paper  was  extremely  difficult.  Mr.  Garforth 
had  stated  that  a  seam  which  could  he  worked  "'  longwall  by- 
hand,"  could  be  worked  "  longwall  by  coal-cutting  machine," 
l)ut  on  that  point,  he  differed  from  Mr.  Garforth.  Coal-cutting 
machines  were,  no  doubt,  extremely  applicable  and  useful  under 
certain  conditions,  but  there  were  many  conditions  within  his 
experience,  in  which  coal-cutting  machines  could  not  have  been 
economically  or  advantageously  applied.  There  Avere  many 
cases  where  the  condition  of  the  thill,  or  of  the  roof,  would  not 
admit  of  coal-cutting  machines  being  \ised  :  and  there  were  other 
cases  where  the  holing  was  of  such  a  character  that,  per  si\  a  coal- 
cutting  machine  could  be  of  no  possible  use.  It  could  not  be  of 
any  use  in  seams,  which  practically  get  themselves.  In  thin 
seams,  and,  in  fact,  in  thick  seams  where  the  roof  would  stand, 
and  where  the  holing  was  sufficiently  hard  to  warrant  the  use  of 
machinery,  there  were,  no  doubt,  great  advantages  secured  by 
the  use  of  coal-cutting  machinery — that  was  to  say,  in  the  work- 
ing of  long,  straight  faces.  It  was  absolutely  necessary,  in  order 
to  work  the  machine  successfully,  that  there  should  be  long, 
straight  faces,  and  th.e  machine  got  credit  for  them,  and  there  were 
a  great  many  other  advantages  for  which  the  coal-cutting  machine 
got  credit.  TTith  regard  to  cost,  he  adopted  coal-cutting  machines 
many  years  ago,  spread  it  in  all  directions,  and  in  some  instances 
he  had  saved  as  much  as  Is.  per  ton  in  the  price  paid  for  getting  ; 
but  there  was  another  charge  to  add  to  it  which  had  been  a  very 
serious  one,  and  had  amounted  to  od.  or  <id.  per  ton,  namely:  — 
The  cost  of  machinery,  labour,  and  the  proportion  of  the  cost  of 
mechanical  appliances,  boilers,  steam,  etc.,  so  that  the  whole  sav- 
ing of  labour  could  not  be  credited  to  the  coal-cutting  machine. 
Nevertheless,  where  conditions  were  favourable,  great  benefits 
were  to  be  derived  from  the  use  of  coal-cutting  machines.  Taking 
the  question  in  the  gross,  Mr.  Garforth  had  dealt  with  it  in  a 
most  able  manner,  and  the  members  ought  to  be  extremely  obliged 
to  him  for  the  great  trouble  that  he  had  taken  in  putting  his 
facts  before  them. 

The  resolution  was  cordially  approved. 

Mr.   G.   A.   LoxGDEx's  paper  on   '"  Changing  Head-gears  at 
Pleaslev  Coilierv  ""  was  re^l  ps  follows:  — 
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CHAIS^GING  HEADGEARS  AT  PLEASLEY  COLLIERY. 

By  G.  a.  LONGDEN. 

Introduction. — The  headgears  at  both  of  the  pits  at  Pleasley 
coUieiy  were  erected  23  rears  ago.  The  front  legs  were  cast-iroiL 
coliimiLS  fastened  to  pitchpine  main  legs  hy  wrought-iron  lattice- 
frames,  nearlj'  semicircular  in  shape,  and  two  cross-girders  fast- 
ened to  these  frames  carried  the  detaching-hook  plates.  The 
main  legs  were  16  inches  square  at  the  bottom  and  tapered  to  12 
inches  square  at  the  top,  the  height  was  60  feet,  and  the  difference 
in  width  (being  only  7  feet  less  at  the  top  than  the  bottom)  made 
them  appear  to  be  nearly  vertical.  The  back  legs  were  also  made 
of  pitchpine,  18  inches  square  at  the  bottom,  tapering  to  12  inches 
square  at  the  top,  and  were  placed  parallel :  shoes  resting  on  large 
stones  in  the  wall  of  the  engine-house  received  the  lower  ends, 
and  two  cast-iron  columns  supported  the  middle  of  the  back  legs. 
The  condition  of  the  woodwork  had  deteriorated,  and  it  was  de- 
cided to  erect  new  headgears  at  each  pit. 

Both  shafts  are  used  for  coal-winding  for  9  hours  per  day,  so 
that  one  of  two  methods  had  to  be  adopted  :  — (1)  To  remove  the 
existing  headgear,  and  to  build  a  new  one  in  position  while  wind- 
ing coal  at  the  other  shaft  for  two  shifts  in  each  day ;  or  (2)  to 
build  the  new  headgear  at  a  distance  from  the  pit-top,  and  to  move 
the  complete  structure  into  its  desired  position. 

Ujicast  Shaft. — It  was  decided  to  build  the  headgear,  in  posi- 
tion, at  the  ui^cast  shaft,  and  at  the  same  time  to  erect  a  more 
powerful  windino-engine  and  boilers.  This  work  occupied  several 
months,  during  which  the  downcast  shaft  was  worked  by  double- 
shifts,  work  being  thus  found  for  the  men  employed  in  the  upcast 
shaft.  A  capstan-engine  and  small  pit-frame  were  erected  for 
use,  in  case  of  accident,  at  the  downcast  shaft,  and  the  engine 
proved  extremely  useful  in  dismantling  the  old  and  execting  the 
new  headgear.  These  alterations  to  tlie  winding-engine  and 
headgear  at  the  upcast  shaft  were  not  completed  until  May,  1900. 
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Dotrncast  Shaft. — -In  the  meantime,  the  condition  of  the  back 
leors  at  the  downcast  shaft  became  serious,  and  it  was  decided  to 
proceed  with  the  erection  of  the  new  headgear,  as  soon  as  possible. 
The  underground  arrangements  and  the  suif ace-plant  precluded 
two  coal-working  shifts  being  employed  at  the  upcast  pit,  while 
the  new  headgear  was  being  erected  at  the  downcast  pit :  and  it  was- 
decided  to  build  it  in  line  with  the  engine-house  and  shaft,  but 
at  a  distance  from  the  shaft,  in  order  that  coal-drawing  could  be 
continued.  As  much  ground  would  have  to  be  removed,  in  order 
to  allow  the  top  of  the  frame-girders  to  rest  on  the  same  level  as 
the  flat-sheets,  it  was  decided  to  raise  the  pit-top,  together  with 
the  tram-roads,  weighing-machines  and  cabin,  by  lo  inches,  as 
l)eing  the  readiest  and  least  costly  operation. 


Fi(.. 


Nkw  Hkadkear.  before  its  Removal  to  the  Du\vm;a^t  Pit. 


The  headgear  was  built  upon  long  girders,  15  inches  deep,  so 
that  it  could  be  rolled  into  position  as  soon  as  the  old  headgeai" 
wa?  removed.  It  may  be  mentioned  that  it  was  impossible,  in 
either  case,  to  erect  the  new  headgears  over  the  existing  ones,  be- 
cause the  new  headgears  were  to  be  erected  of  the  same  height  as 
those  already  existing.  The  new  headgear  was  erected  about  180 
feet  in  front  of  the  shaft  (Fig.  1.  Plate  XXII.,  and  Fig.  4),  and  the 
contractors  commenced  to  erect  the  headgear  on  March  2-5th,  1901. 
To  facilitate  the  removal  of  the  pulley-wheels,  a  pitchpine  derrick. 
91  feet  long,  was  raised  on  May  ITth.  1901,  tliree  guy-ropes 
were  fastened  to  steady  the  derrick,  and  a  fourth  guy-rope  was 
fastened  to  a  crab,  to  enable  the  top  to  be  moved  and  thus  assist 
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in  raising  aud  lowering  the  pulley-wJieels.  Pnllev-blocks  were 
fastened  to  the  top  of  the  derrick,  and  a  flexible  steel-rope,  |  inch 
in  diameter,  was  connected  to  a  steam-winch.  During  the 
evenings  of  the  following  week,  strong  gangs  of  workmen  were 
engaged  in  clearing  the  ground. 


Fig.  5. — Removing  the  North  Side  Wixdixg-rope  from  the  Old  Headgear. 


On  Friday,  May  25th,  1901,  work  at  the  downcast  shaft  ceased 
at  1'20  p.m.,  and  all  the  men  were  out  of  the  pit  by  2*15  p.m. 
The  wooden  conductors  were  cut  above  the  stays,  the  cage-prop 
levers  were  removed,  and  the  props  Avere  fastened  back.  The 
rope  on  the  north  side  of  the  pit  was  removed  (Fig.  5)  and  coiled 
into  a  wagon,  the  rope  on  the  south  side  was  wound  on  to  the 
drum,  and  both  cages  were  left  in  the  pit-bottom.  The  pulleys, 
and  their  pedestals  and  brasses,  together  with  the  detaching- 
hook  plates,  were  then  lowered  to  the  ground. 

The  derrick  was  then  inclined  towards  the  engine-house,  and 
the  lower  block  was  fastened  to  a  timber  cross-piece,  iixed  under 
the  back  legs  about  6  feet  from  where  the  back  legs  were  joined 
to  the  main  legs.  The  back  legs  were  then  cut  through,  with  cross- 
cut saws,  above  this  cross-piece,  and  the  blocks  were  then  tightened 
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Tjy  the  steam-wincli  :  but  as  two  of  the  six  cuts  had  not  been  cut 
through  at  the  jDroper  angle,  instead  of  the  back  legs  being  lifted 
away,  they  fastened  themselves.  As  it  was  almost  dark  by  this 
time,  the  attempt  to  drop  the  old  headgear  was  abandoned  for 
that  night. 


Fk;.  6. — Back  Lecs  cut  through  and  Raised  apart  fkoai  the  Main 
Legs  of  the  Oed  Headijear. 


Meanwhile,  gangs  of  workmen  cleared  away  the  roads,  gan- 
tries, weighing-machines,  and  cabin  from  the  pit-top,  and  laid  a 
road  upon  which  the  new  headstock  could  be  roUed.  and  this  work 
was  not  completed  when  daylight  returned.  A  piece  was  then 
completely  cut  out  of  each  back  leg  and  stays.  A  haulage-rope, 
I  inch  in  diameter,  was  then  fastened  to  the  main  leg  and  another 
to  the  wrought-iron  half-moon  girder  on  the  south  side,  and  both 
•of  these  ropes  were  attached  to  the  rails  of  a  sidiug  b}'  snatch- 
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blocks,  wliicli  could  be  pulled  by  locomotives.  All  being  in 
readiness,  tlie  back  legs  were  raised  by  the  winch  (Fig.  6),  then 
both  locomotives  pulled  as  nearly  together  as  possible  at  the 
ropes,  and  the  front  and  main  legs  fell  forward  to  the  ground.  It 
had  been  hoped  that  by  pulling  from  the  side,  it  would  have  fallen 
in  that  direction,  but  the  heavy  iron  columns  lifted  up  the  lower 
ends  of  the  wooden  legs,  and  the  whole  mass  fell  at  (i--40  a.m.,  in 
a  direct  line  towards  the  new  headgear,  and  caused  considerable 
delay,  as  the  whole  of  the  wooden  headgear  had  to  be  removed 
before  the  new  one  could  be  moved  into  position. 

The  road  used  for  moving  the  new  headgear  into  position 
consisted  of  two  lines  of  boiler-plates,  a,  3  feet  wide,  laid  on  the 
ground,  above  these  two  pitchpine  baulks,  b,  12  inches  sc^uare, 
were  placed.  Tram  end-plates,  c,  2  feet  wide  by  I  inch  thick,  were 
fixed,  on  these  baulks,  upon  which  the  rollers  would  run,  as  it  was 
thought  that  if  any  roller  received  any  excess  of  weight  it  would 
make  a  hollow  in  the  timber,  into  which  the  following  rollers 
would  probably  stick  (Figs.  2  and  -3,  Plate  XXTL).  The  cast-iron 
rollers,  d,  6  inches  in  diameter,  with  a  hollow  core  2  inches  in 
diameter,  were  oA  feet  long,  and  50  were  used. 

The  morning  of  May  2(ith  was  occupied  in  clearing, away  the 
old  headgear  and  in  re-laying  the  road,  which  had  been  disturbed 
by  the  fall  of  the  old  headgear.  A  rope  was  taken  from  the  winch 
to  a  block  at  the  centre  of  the  engine-house,  and  fastened  by  two 
chains  round  the  bottom  of  the  main  vertical  legs.  The  new 
headgear  was  erected  on  oaken  blocks,  (ij  inches  square,  and  these 
had  been  replaced  by  about  40  rollers  evenly  distributed,  and 
rather  more  than  4  feet  apart. 

By  11"40  a.m.,  the  bank  was  cleared  ;  and  with  the  assistance  of 
over  100  men  and  the  steam-winch,  the  new  headgear,  112  tons  in 
weight,  then  began  to  move  forward,  a  few  feet  at  a  time,  so  as  to 
allow  of  the  rollers  being  brouglit  from  behind  and  placed  in 
front.  By  1-45  p.m.,  the  back-end  of  the  headgear  was  nearing 
the  first  foundation-stones  (Fig.  7),  and  about  1  hour  was  spent 
in  laying  the  road  to  the  engine-house. 

Fig.  2,  Plate  XXII.  shews  that  the  stones  projected  about  4i 
inches  above  the  line  of  the  top  of  the  road,  thus  leaving  only  lA 
inches  of  space  between  tlie  top  of  the  stones  and  the  bottom  of 
the  moving  girders,  and  this  necessitated  the  baulks  being  cut 
on  each  side  of  the  stones  so  as  to  allow  the  rollers  to  be  removed 
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from  beliiud  and  replaced  in  front  of  the  stones  ;  and  instead  of 
G  inches,  the  diameter  of  the  rollers,  the  headgear  had  only  to  be 
lo'wered  Ih  inches  to  the  permanent  foundation  when  the  rollers 
were  removed. 

When  the  road  to  the  engine-house  was  complete,   the  last 
stage  of  the  journey  of  the  headgear  was  commenced.     The  road 


Fig.  7. —New  Headgeak  in  Motion  towards  the  Downcast  Pit. 

on  the  south  side  sank  about  If  inches,  under  the  weight  of  the 
headgear,  and  the  girders  touched  the  foundation-stones.  Two 
40  tons  hydraulic  jacks  were  placed  under  each  side  of  the  girder, 
and  the  headgear  was  raised  slightly,  so  as  to  allow  of  plates  J 
inch  thick  being  placed  under  the  rollers  in  order  to  raise  the 
girders  above  the  foundation-stones.  Considerable  delay  ensued, 
and  the  headgear  was  not  placed  in  its  position  until  4-15  p.m., 
4i  hours  being  occupied  in  the  traverse  of  180  feet. 

The  headgear  was  then  4f  inches  from  its  correct  position,  and 
the  40  tons  hydraulic  jacks  were  placed  on  each  side  of  the  longi- 
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tiidiual  girders,  whicli  were  raised  so  as  to  allow  the  rollers  to  be 
removed.  AVorkinen  continued  clearing  the  road  and  removing 
the  old  headgear  throughout  the  night,  and  by  8  p.m.,  the  south 
side  pulley  was  placed  in  position  ;  but  owing  to  a  difticulty  in 
fitting  the  brasses  to  the  new  pulley  and  shaft,  the  north  side 
pulley  was  not  set  until  11  a.m.  on  Sunday  morning. 


Fig.  8— New  Headukar  at  the  Downcast  Pit. 

The  whole  of  Sunday  was  occupied  in  levelling  the  headgear, 
and  lining  through  so  as  to  determine  its  correct  position:  and 
it  was  found  to  have  settled  evenly  \\]Mn\  llie  foundation-stones, 
which  had  been  previously  levelled.  The  headgear  was  pushed 
into  position  by  the  hydraulic  jacks,  holes,  about  9  inches  deep, 
were  drilled  into  the  stones,  and  the  bolts  were  run  in  with  molten 
lead ;   and  then  it  was  fixed  as  nearly  level  as  possible  (Fig.  8). 

Monday  was  spent  in  clearing  away  the  old  pit-top  frame 
carrying  the  cage-props,  and  in  lowering  and  removing  the  der- 
rick. On  Tuesday,  the  erection  of  the  new  weigh-cabin  was  com- 
menced, new  baulks  were  fitted  for  the  cage-props,  as  the  old  ones 
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were  defective,  and  the  cap-e-])i()ps  were  fixed  in  position,  o-iving- 
the  level  to  Avliich  the  tiani-rnads  nmnd  the  pit-top  should  be  laid. 
( )u  Wednesday,  the  north  side  winding-rope  was  replaced, 
both  ropes  were  fastened  to  the  cao;es,  the  cage-condvictors  were 
joined  to  the  new  headgear,  and  the  pit-top  roads  and  decking- 
arrangements  were  commenced.  On  Thursday,  water  was  drawn 
from  the  cistern  in  the  pit-bottom,  and  the  tram-roads,  weighing- 
machines,  and  decking  arrangements  were  proceeded  with. 

This  method  was  very  expensive  for  labour,  and  the  extra 
frame-girders  carrying  the  headgear  enhanced  the  cost ;  but,  on 
the  other  hand,  it  was  impossible  to  allow  the  downcast  pit  to 
stand  for  2  months,  while  the  old  headgear  was  being  removed  and 
the  uew  one  erected  on  its  site. 

The  actual  time  occupied  in  removing  the  old  headgear  and 
in  placing  the  new  headgear  into  position,  and  in  fitting  the 
pulleys,  was  about  48  hours,  from  Friday  afternoon,  Alay  25th, 
to  Sunday  afternoon.  May  2Tth,  1901. 


A  cordial  vote  of  thanks  was  accorded  to  Mi-.  G.  A.  Longden 
for  his  interesting  paper. 

SIXKLXGS  AND  n<  dUXGS. 
The  Chairman  (Mr.  -Tolin  Gerrard)  said  that  at  a  meeting  of 
the  Council  of  the  Midland  Institute  of  Mining.  Civil  and 
Mechanical  Engineers  it  had  been  decided  to  begin  to  collect 
sections  of  the  strata  sunk  or  bored  through,  in  order  to  compile 
a  volume  of  sections  of  strata,  and  a  committee  was  appointed 
to  compile  the  volume.  He  invited  the  Midland  Counties  Insti- 
tution of  Engineers  to  co-operate  in  this  work,  and  to  appoint  a 
committee  to  work  jointly  with  them. 

Mr.  G.  E.  Coke  stated  that  he  would  bring  the  question  before 
his  Council,  ami  he  hoped  th.at  they  would  adopt  so  very  useful  a 
suggestion. 
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MIDLAXI)  IXSTITUTE  OF  MINING,  CIVIL  AND 
MECHANICAL  ENGINEERS. 


ANNUAL  GENERAL  MEETING, 
Held  at  the  Queex's  Hotel,  Leeds,  July  25Tn,  1902. 


Mr.  .JOHN  GERRARD,  Retiring-President,  ix  the  Chair. 


The  minutes  of  the  previous  General  Meeting  were  read  and 
confirmed. 


Mr.  C.  C.  Ellison  and  Mr.  Thos.  Holliday  were  appointed 
scrutineers  of  the  balloting-papers  for  the  election  of  officers,  and 
also  for  representatives  on  the  Council  of  The  Institution  of  Mining 
Engineers  for  1902-1903. 


The  following  gentlemen  were  elected,  having  been  previously 

nominated  :  — 

Members — 
Mr.   Hubert   Ormond   Bishop,    Assistant   Colliery  Manager,  Tinsley   Park 

Collieries,  Sheffield. 
Mr.  Squire  Broadbent,  Colliery  Manager,  Ossett,  Wakefield. 
Mr.   John   Wm.   Halmshaw,    Assistant  Colliery    Manager,    Kelvin   Grove, 

Wombwell,  Barnsley. 
Mr.   Tom  Hargreaves,    Colliery  Manager,   Newton  Villa,  Chapel  Allerton, 

Leeds. 

Student — 
Mr.  Harold  T.  Foster,  Mining  Pupil,  Howsley  Villas,  Chapeltown,  Sheffield. 


The   Annual   Report  of  the   Council,   and   the   statement   of 
accounts  for  the  past  year  were  read  as  follows  :  — 
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THE  COUNCIL'S  ANI^UAL  REPORT. 

Tlie  Council  have  pleasure  in  presenting  to  the  members  of 
the  Institute  their  report  on  the  work  of  the  past  year. 

The  numbers  of  members  for  the  past  two  years  are  as  follows : 

Years. 
Life  Members 
Members 

Associate  Members 
Associates 
Students 

Totals 272  290 

From  this  table,  it  will  be  seen  that  the  membership  has 
increased  bj^  18  during  the  past  year,  which  is  very  satisfactory. 

The  Council  regret  to  have  to  state  again  that  there  has  been 
during  the  year  some  irregularity  in  the  payment  of  subscrip- 
tions, the  arrears  now  amounting  to  £24,  due  from  16  members. 
Of  the  £33  arrears  of  subscriptions  due  for  1900-1901,  £12  have 
been  collected  during  the  past  year. 

There  is  a  balance  in  the  bank  of  £180  15s.  2d.,  against 
£132  4s.  2d.  at  the  end  of  the  previous  year,  and  all  debts  have 
been  paid. 

The  following  papers  have  been  read  during  the  year :  — 

"An  Apparatus  for  Lighting  Miners'  Safety  or  other  Enclosed  Lamps  bj* 

Electric  Current."     By  Mr.  Edward  Brown. 
"The   B.C.B.    Instantaneous   Either-side    Bi'ake    for    Railway-wagons   or 

Similar  Vehicles."     By  Mr.  Edward  Brown. 
' '  Coal-mining  in  India. "     By  Mr.  Robert  Clarke. 
"An  Instrument  for  the  Automatic  Record  of  Winding-operations."      By 

Mr.  W.  N.  Drew. 
"The  Application  of  Coal-cutting  Machines  to  Deep  Mining."      By  Mr.  W. 

E.  Garforth. 
"The  Kitson  System  of  Petroleum  Incandescent  Light."      My  Mr.  Arthur 

Kitson. 
"  Chinese  Mines  and  Miners."     By  Mr.  Alexander  Reid. 
"The  Craig  Coal-washer."     By  Mr.  William  Scott. 

The  Council  regret  to  record  the  loss,  through  death,  of  Mr. 
F.  INT.  Wardell,  the  late  esteemed  inspector  of  mines  for  Yorkshire. 

The  scheme  for  the  proposed  Benevolent  Fund  of  the  Institu- 
tion of  Mining  Engineers  has  fallen  through,  as  there  was  not 
sufficient  support  given  to  enable  it  to  be  a  success.  The  Council 
of  The  Institution  of  Mining  Engineers  are  dealing  with  such 
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aniounts  as  liave  been  paid,  in  a  manner  which  appeared  satis- 
factory to  the  representatives  of  the  Institutes  at  the  nieetinjsr 
heUl  in  London. 

The  Council  wish  to  record  their  great  appreciation  of  the 
care  and  skill  displayed  by  Mr.  Garforth  in  providing  an  experi- 
mental gallery  for  the  purpose  of  testing  apparatus  for  life-saving 
in  collieries,  and  the  opportunity  given  to  members  of  this 
Institute  to  test  the  same. 

The  prize  for  the  best  paper  read  before  the  Institute  has  been 
awarded  to  Mr.  AA".  E.  Garforth  for  his  admirable  paper  on  "  The 
Application  of  Coal-cutting  Machines  to  Deep  Mining." 

With  a  view  to  increasing  the  intercourse  between  those 
directly  interested  in  the  coal-fields  of  Yorkshire,  j^ottingham- 
shire  and  Derbyshire,  the  Presidents  of  the  Midland  Counties 
Institution  of  Engineers  and  of  this  Institute  held  a  Joint  Meet- 
ing of  the  two  Councils,  when  it  was  resolved  that  a  committee 
should  be  appointed  to  arrange  for  Joint  Meetings  of  the  two 
Institutes. 

The  Council  have  appointed  a  Committee  to  collect  from 
members,  and  from  others,  who  are  willing  to  give  the  informa- 
tion, detailed  sections  of  the  strata  bored  and  sunk  through  at 
the  various  collieries  in  Yorkshire,  Xottinghamshire  and  Derby- 
shire, with  a  view  of  having  them  tabulated  and  printed  in  a 
suitable  volume  in  the  same  way  as  has  been  done  by  the  Xorth 
of  England  Institute  of  Mining  and  Mechanical  Engineers,  and 
when  completed,  of  issuing  a  copy  to  each  member.  The  Com- 
mittee would  be  obliged  for  any  assistance  that  the  members  can 
give  them  in  this  work. 

The  Council  suggest  that  an  excursion  should  be  arranged  to 
visit  the  Dtisseldorf  Exhibition  and  some  of  the  most  interesting 
German  collieries.  The  excursion  will  take  place  on  or  about 
September  5th,  for  a  week  or  ten  days,  and  will  also  be  open  to 
the  members  of  the  Midland  Counties  Institution  of  Engineers. 


The  report  and  accoimts  were  unanimously  approved. 
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ELECTION  OF  OFFICERS  FOR  1902-1903. 

The    ScRTTixEERS    reported    the    result    of    the    election,    as 
follows:  — 

President  : 
Mr.  H.  B.  Nash. 

ViCK-PRESIDENTS  : 

Ml .  J.  E.  Chambeks.   I   Mr.  Walter  Hargreaves.  |  Mr.  J.  R.  Roeixsos  Wilsox. 

Councillors. 

Mr.  E.  Browne.  Mr.  I.  Hodges.  Mr.  R.  Roctledoe. 

Mr.  H.St.  John  DuRNFORD.       Mr.  R.  H.  Lonobotham.  Mr.  Ch.arles  Snow. 

Mr.  P.  C.  Greaves.  Mr.  J.  L.  Marshall.  Mr.  W.  Washin(;ton. 

Mr.  M.  H.  Habershon.  Mr.  W.  H.  I'ickerino.  Mr.  William  Wilde. 


Mr.  Joiix  Gerhard  (retiring  President),  in  vacating  the  chair, 
regretted  that  the  period,  to  which  he  looked  foi'ward  two  years 
ago,  was  now  ended.  It  had  been  to  him  a  great  hononr  to  be 
elected  President,  and  he  appreciated  it  very  highly.  He  ex- 
pressed his  gratitude  for  the  cheerful  goodwill  shown  towards  him 
by  the  members,  and  to  the  Secretary  (Mr.  T.  W.  H.  Mitchell)  for 
his  valuable  assistance.  He  had  pleasure  in.  introducing  Mr. 
Xash,  who  would,  he  was  sure,  receive  the  same  hearty  support  that 
he  had  done ;  and  heartily  congiatulated  Mr.  Xash  on  having 
attained  to  that  distinction,  and  wished  him  a  successful  term 
of  office. 

The  Presidext  (Mr.  H.  B.  Xash)  said  that  he  appreciated  the 
honour  conferred  upon  him  by  his  election  as  President  of  the 
Institute.  He  considered  it  an  honour  to  have  the  confidence  of  the 
members  ;  and  he  hoped  that  his  health  would  permit  him  to 
follow  in  the  footsteps  of  his  predecessors.  He  hoped  that  the 
interest  which  he  had  always  taken  in  the  success  of  the  Institute 
would  continue  to  grow,  and  that  the  good  work  done  in  the  past 
would  not  stop  through  his  occupancy  of  the  chair. 


Mr.  AV.  E.  Garforth  moved  a  vote  of  thanks  to  Mr.  John 
Gerrard  for  the  able  way  in  which  he  had  conducted  the  proceed- 
ings of  the  Institute  during  his  two  years  of  office.  The  members 
would  agree  that,  from  the  time  Mr.  Gerrard  read  his  presidential 
address,  he  had  in  every  possible  way  helped  the  work  of  the 
Institute,  and  was  entitled  to  their  best  thanks. 
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Mr.  J.  Xevix,  in  secouding  the  vote  of  thanks,  said  that  Mr. 
Gerrard  had  been  one  of  the  most  active  members  of  the  Institute 
almost  from  its  formation  ;  and,  although  he  had  gone  into  Lanca- 
shire, he  still  maintained  his  interest  in  their  Institute.  The 
members  would  agree  that  the  two  years  of  Mr.  Gerrard's  presid- 
ency were  among  the  most  successful  years  of  the  Midland  Insti- 
tute of  Mining,  Civil  and  Mechanical  Engineers. 

The  vote  of  thanks  was  cordially  approved. 


EEPRESEXTATITES  OX  THE  COFXCIL  OE  THE 
IXSTITrTIOX  OE  MIXIXG  EXGIXEEES,  1902-1903. 

The  Scrutineers  reported  that  the  following  gentlemen  had 
been  elected  :  — 

Mr.  W.  H.  Chambers.        I  Mr.  J.  Gerrard.  I  Mr.  J.  Nevix. 

Mr.  W.  E.  Garforth.        I  Mr.  H.  B.  Nash.  I  Mr.  W.  H.  Pickering. 

Mr.  G.  Blake  Walker. 


Mr.  AV.  H.  Pickering  (H.M.  Inspector  of  Mines)  read  the 
followinar  ''  Xotes  on  Systematic  Timbering  "  :  — 
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XOTES  OX  SYSTEMATIC  TIMBERIXG. 


By  W.  H.  PICKERING. 

This  paper  is  not  written  in  a  didactic  spirit,  but  with  the 
purpose  of  raising  a  discussion  upon  a  subject  which,  in  the 
writer's  opinion,  has  never  received  the  attention  it  deserves. 

Since  the  year  1868,  no  less  than  1,040  lives  have  been  lost  in 
Yorkshire  from  falls  of  roof  and  sides,  or  an  average  annual  loss 
of  48  lives.  The  average  for  the  past  10  years  has  been  45,  and 
during  the  same  period  the  average  annual  loss  in  the  United 
Kingdom  has  been  446  ;  and,  in  1901,  482  lives  were  lost.  It 
must  be  remembered  that  the  injured  who  linger  more  than  a 
year  and  then  die,  are  not  included. 

The  wi'iter  is  tr^'ing  to  collect  statistics  of  such  accidents  in 
this  district,  and  has  already  gathered  enough  to  show  that  they 
are  surprisingly  numerous. 

Satisfactory  statistics  of  the  number  of  non-fatal  accidents 
are  not  available,  as  the  Coal-mines  Regulation  Act  gives  no 
definition  of  a  ''  serious  accident,"  and  opinions  on  the  subject 
differ  widely;  but,  during  1900,  1,682  persons  were  returned  as 
being  seriously  injured  by  falls  of  roof  and  side,  and  the  number 
for  last  year  was  1,583.  Many  of  these  persons  are  crippled  for 
life. 

The  482  lives  lost  during  1901,  from  falls  of  i-oof  and  side,  are 
classified  in  Table  I. 

During  the  last  decade,  the  death-rate  from  falls  has  remained 
practically  stationary.  Such  facts  and  figures  should  make  even 
the  most  careless  person  pause,  and  reflect  as  to  whether  the  right 
methods  of  getting  coal  are  being  practised.  If  the  total  of 
accidents  from  falls  were  accumulated  by  monthly  or  quarterly 
catastrophes,  the  public  conscience  would  have  been  shocked  long 
ago  and  probably  drastic  remedies  avouuI  have  iuitiated.  lUit 
as  the  accidents  claim  one  or  two  victims  daily,  the  attrition  of 
life  passes  almost  unnoticed. 
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Safety  of  life  and  limb  must  always  be  the  first  consideration, 
but  the  economic  point  of  riew  must  not  be  overlooked.  Every 
life  sacrificed  is  a  direct  and  serious  loss  to  the  country,  and  every 
fall  is  an  obstruction  and  an  expense  in  the  mine.  Such  is  the 
crying'  evil :  what  is  the  remedy  ? 

Table  I.  — Nu.muer  of  Accidents  axd  Deaths  from  F.a.lls  of  Roof 
AXD  Side  during  1901  ix  the  United  Kingdom. 


. 

On  Roads,  while 

On  Roads,  while 

repairing  or 

otherwise  work- 

Tot 

\LS. 

Name  of  Mines- 

enlarging. 

ing  or  passing. 

•^      • 

"3    ai 

"3  m    i 

Te  ai 

inspection  District. 

l| 

o  .3 

II 

CM     X 

O  JS 

Fat 
ent 

of 

thB. 

■S  5 

6    C8 

»-  S 

n   c3 

*-  -           d  ts 

o  s 

=  ^ 

^^ 

i|         !^« 

6  3       ^a 

6  2 

^fl 

^< 

^< 

z< 

}i^< 
■^ 

East  Scotland     .. 

•29 

32 

4            4 

3           4 

36 

40 

West  Scotland    ... 

•26 

26 

o           2 

3           3 

31 

31 

N"castle-on-Tyne 

•28 

32 

4            4 

5           5 

37 

41 

Durham    ... 

30 

30 

6           6 

3           3 

39 

39 

Yorkshii-e 

30 

30 

10          10 

7          8 

47 

48 

Manchester 

•22 

23 

9     i     10 

6           6 

37 

39 

Liverpool... 

•25 

25 

14          15 

7           7 

46 

47 

Midland 

23 

•24 

8            9 

7           7 

38 

40 

Staffordshire 

32 

32     i 

10          14 

4            4 

46 

50 

Cardiff' 

12 

12 

11          11 

4           4 

27 

27 

Swansea  ... 

27 

30 

9           9 

13     1     14 

49 

53 

Southern  

20 

20 

5           5 

2     ]       2 

27    ; 

27 

!        Totals 

304 

316 

92         99 

■ 

64         67 

460     1 

482 

It  would  pass  the  wit  of  man  to  prevent  some  of  these  accidents, 
but,  in  the  opinion  of  the  writer,  the  total  would  be  very  consider- 
ably 1  educed,  and  at  the  same  time  the  mines  could  be  more 
economically  worked  and  with  less  loss  of  coal,  if  systematic 
methods  of  work  and  systematic  timbering  were  the  general  rule 
instead  of  the  exception.  The  magic  of  method  will  work  miracles. 
The  difiiculties  of  changing  the  method  of  working  in  any  colliery 
are  enormous,  for  the  officials  and  the  workmen  have  absorbed  the 
wrong  idea,  and  often  work  a  radically  wrong  method  with 
astonishing  success,  but  with  undue  risk  and  an  unnecessarily 
high  cost  per  ton.  It  may  take  many  years  for  a  manager  to 
educate  his  workmen  and  officials  to  a  uecessaiy  change,  but  it  is 
well  for  one  to  be  a  sower  even  if  one  does  not  live  to  reap  the 
harvest. 

A  thoughtful  papei'  read  before  the  members  by  Mr.  W.  E. 
Garforth,  and  illustrated  by  photographs,  has  brought  home  to  the 
minds  of  all  who  were  present,  the  importance  of  working  long- 
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wall  faces  in  straight  lines  and  at  an  angle  with  the  cleat,  when 
possible. 

True  longwall,  that  is,  longwall  in  which  the  face  is  a  straight 
line  and  is  advanced  in  parallel  slices,  is  the  simplest  and  safest 
method  of  working  coal,  and  there  are  few  seams  that  do  not 
lend  themselves  to  it.  But  the  direction  of  the  working-face, 
the  distances  apart  at  which  the  gate-roads  must  be  set  out,  the 
depth  of  the  holing,  and  the  thickness  of  the  ripping,  are 
vital  points,  which  must  be  judiciously  combined  if  the 
seam  is  to  be  worked  to  the  best  advantage.  These  points  are 
too  often  settled  haphazard,  instead  of  receiving  the  anxious  con- 
sideration that  they  merit.  The  object  should  be  to  distribute 
the  "weight"  evenly  over  a  given  area,  so  that  the  roof  settles 
quietly  :  and  the  weight  instead  of  being  a  master  becomes  a 
servant,  helping  to  get  the  coal.  True  longwall  work  most 
readily  lends  itself  to  a  thorough  system  of  timbering. 

Special  timbering  rules  have  now  been  established  at  most 
mines  in  the  United  Kingdom.  The  Special  Rules  regarding 
"  timbering  in  mines  "'  as  first  issiied  by  the  Home  Office  were  as 
follows  :  — 

(a.)  Propping  of  Roof . — Where  timber  or  other  material  is  used  to  support  the 
roof,  the  owner,  agent  or  manager  shall  keep  posted  up,  at  the  mine,  a  notice 
specifying  for  each  seam,  or  district  of  a  seam,  the  maximum  distances  apart  at 
which  props  or  other  roof-supports  at  the  working-faces  are  to  be  set ;  and  the 
persons  setting  props  or  other  roof-supports  shall  see  that  this  maximum  distance 
is  not  exceeded. 

(''. )  Supply  of  Timher. — Where  the  timbering  of  the  working-places  is  done 
by  the  workmen  employed  therein,  the  miners  shall  have  a  sutticient  supply  of 
suitable  timljer  such  as  is  ordinarily  used  at  or  within  30  yards  of  every  working- 
place  where  mineral  is  being  gotten,  and  the  deputj'  shall  see  that  such  supplj-  is 
so  kept  there. 

(c, )  Druiriity  Timher. — Wherever  timber  has  to  be  withdrawn  from  the  waste 
or  other  disused  parts  of  the  mine,  the  prop-drawer  shall  have  with  him  a  ringer- 
and-chain,  dog-and-chain,  or  other  suitable  appliance  ready  for  iise. 

lu  most  of  the  mines-inspection  districts,  the  rules  have  been 
amplified  and  strengthened  and  have  been  dove-tailed  into  the 
code  of  Special  Rules.  In  Yorkshire,  they  have  been  taken  as 
they  were  issued,  and  placed  at  the  end  of  the  Special  Rules  as  an 
addendum. 

The  duty  of  specifying  by  notice  the  maximum  distances  at 
which  timber  shall  be  set  is  variably  interpreted.     One  manager 

•24 
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will  be  content  with  a  meagre  specification  of  distance,  posted  up 
with  the  Special  Rules  :  while  his  neighbour  will  draw  up  a 
comprehensive  system  of  rules  for  timbering,  and  post  the 
notice  in  eTerv  working-place.  It  is  surely  desirable  that  the 
notice  should  not  only  comply  with  the  letter  of  the  rule,  but 
that  it  should  be  so  drawn  as  to  give  practical  effect  to  the  scheme 
of  systematic  timbering,  which  the  manager  should  devise  so 
as  to  suit  the  working  of  the  mine  under  his  charge,  and  to  be  a 
means  of  educating  the  officials  and  workmen.  It  is  not  easy  to 
draft  a  model  code,  when  we  remember  that  seams  worked  in  this 
country  vary  from  30  feet  to  18  inches  in  thickness,  but  the  follow- 
ing notice  is  suggested  as  embodying  most  of  the  vital  points :  — 

Name  of  Collier;/  or  Mine 

Name  of  Seam  

In  compliance  with  Special  Rule ,   the  following    S}"stem    of   timbering 

has  been  adopted  for  the  above  seam  :  — 

(1.)  The  timbering  of  the  working-places  shall  follow,  as  far  as  circumstances 
will  adniit,  the  plan  of  the  system,  which  is  posted  up  at  the  station. 

(2.)  The  rows  of  props  must  be  set  parallel  with  the  face,  and  the  distances 

between  the    rows  shall  not    exceed feet,   and  between  the    props  shall  not 

exceed feet. 

(3.)  The  props  must  be  set  off  and  on,  as  shown  on  the  plan. 

(4.)  Every  prop,  not  being  under  a  bar,  shall  be  capped  with  <l  lid  not  less 

than feet  long  and  of  sufficient  thickness. 

(5.)  As  far  as  possible,  all  lids  must  be  fixed  so  that  the  natural  breaks  and 
joints  of  the  roof  shall  be  crossed  at  right  angles. 

(6.)  Holing  sprags  shall  be  set  as  soon  as  there  is  room,  and  shall  not  be 

placed  more  than feet  apart;    and   when  the  holing  exceeds feet  deep  a 

further  row  of  sprags  shall  be  set. 

(7.)  Where  the  coal  is  more  than feet  thick  or  is  overhanging,  or  lies  at 

an  angle,  cockers  or  long  sprags  shall  be  set. 

(8.)  Bars  shall  be  set  at  the  waj'-ends,  as  shown  on  the  plan,  and  shall  not 

exceed feet  apart. 

(9.)  All  timber  must  be  fixed  as  soon  as  there  is  room,  and,  where  necessary, 
fore-sets  must  be  set. 

(10.)  Additional  timber  shall  be  set  when  and  where  requu-ed. 
(11.)  Pack-walls  shall  be  carefully  built,  and  pinned  to  the  roof  as  soon  as 
possible. 

(12.)  When   drawing  timber   a   workman   shall  use  a  ringer-and-chain,  and 
other  suitable  tools. 

(13.)  Where  necessarj*,  catch-props  and  other  temporarj'  timber  shall  be  set 
to  keep  the  timber-drawer  safe. 

It  is  suggested  that  a  copy  of  the  preceding  notice  should  be 
posted  at  the  stations,  and  other  convenient  places  in  the  pit,  and 
where  possible,  in  every  working-place  ;    and  that  it  should  be 
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given  to  each  miner  with  the  Special  Rules.  However  good  a 
system  may  have  been  devised  by  the  manager,  it  is  only  by  ham- 
mering it  into  the  workmen  and  subordinate  officials  that  it  can 
be  successful  in  practice.  Even  those  who  are  unwilling  to  learn 
must  be  educated,  though  such  a  task  is  a  thankless  one.  "What  is 
wanted  is  the  formation  of  public  opinion,  not  onh-  among 
managers  and  officials,  but  also  among  the  workmen,  in  favour  of 
efi'ective  systems  of  working  and  timbering.  The  suggested  plan 
should  be  on  a  large  scale,  and  should  show  graphicallj'  the  system 
of  timbering. 

Xext  in  importance  to  systematic  setting  of  timber,  is  the 
systematic  and  regular  drawing  and  recovery.  Props  left 
straggling  in  the  goaf  prevent  the  roof  from  settling  down  quietly 
and  regularly  on  the  pack-walls,  and  are  often  the  cause  of  sudden 
weights  and  bumps.  All  timber  should  be  drawn  by  or  under 
the  direct  personal  supervision  of  skilled  men,  and  a  very  liberal 
supply  of  proper  timber-drawing  appliances,  such  as  ringers-and- 
chains  and  long-handled  "  hunters  "'  and  prickers  should  be  pro- 
vided in  every  district  of  the  pit. 

A  manager  must  exercise  all  the  skill  and  judgment  with 
which  nature  has  endowed  him  and  which  experience  has 
strengthened,  to  devise  a  system  of  work  and  timbering  which 
will  best  suit  the  seams  that  he  has  to  work,  and  such  methods  will 
necessarily  differ  widely. 

The  following  is  not  put  forward  as  a  model  system  suitable 
for  most  seams ;  but  it  is  given  as  an  instance  of  a  system  of 
timbering  which  allowed  a  seam  to  be  economically  worked  under 
an  exceedingly  dangerous  roof  with  almost  perfect  safety  (Plato 
III.). 

The  seam  is  worked  longwall,  and  the  line  of  the  working-face 
ciits  across  the  cleat  at  an  angle  of  about  30  degrees.  The  holing 
is  made  in  a  stratum  of  fire-clay,  under  the  coal,  and  the  bottom 
section  of  the  seam  is  blocked  down  far  enough  to  let  the  miners 
hole  4  feet  deep,  as  the  fire-clay  is  only  8  inches  thick.  The 
timber  is  set  m  ranks  parallel  with  the  face.  The  props  are 
spaced  2j  feet  apart,  and  the  ranks  are  placed  4  feet  from  the 
face  where  the  tubs  pass,  and  2^  feet  from  the  face  where  the  coal 
is  being  holed.     There  is  a  bar,  5  feet  long,  over  each  prop  and  the 
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ends  of  the  bars  are  slotted  into  the  coal.  Sprags  are  set  under 
the  holed  coal  opposite  every  other  prop  and  are  thus  spaced  5  feet 
apart.  Where  the  coal  is  apt  to  flake  o&,  cockers  are  set  in 
addition  to  the  sprags,  and  are  also  placed  opposite  each  alternate 
prop.  The  cross-pieces  of  the  cockers  nearly  meet,  as  they  are 
4^  feet  long.  As  the  holed  coal  is  removed,  the  timber  is  set  so 
as  to  follow  up  the  work  as  closely  as  possible.  When  all  the 
holed  coal  has  been  drawn,  a  fresh  rank  of  timber  is  set  2^  feet 
from  the  face,  with  the  bars  slotted  into  the  coal  ready  for  another 
holing.  The  pack-wall  is  built  close  to  these,  and  the  back  timber 
is  then  drawn.  The  goaf  is  closely  packed  throughout,  the  entire 
length  of  the  face. 

The  section  of  the  seam  is  as  follows  :  — 


Eoof :      Shale,  with  bands  of  ironstone 

Ft. 

In. 

Ft. 

In 

Second  Ripjiing  : 

Sandstone,  soft 

2 

0 

First  Ripping  : 

Shale,  with  bands  of  ironstone 

1 

6 

3 

6 

Seam:     COAL,  top       

COAL,  bottom           

2 
1 

6 
o 

•    3 

8 

Holinq :  Fire-clay 

0 

S 

0 

8 

The  height  of  the  working-places  was  4  feet  4  inches.  The 
first  ripping  was  kept  close  to  the  way-end,  and  the  second  rip- 
ping was  4  or  5  feet  behind  the  first. 

The  sketches  (Plate  III.)  were  made  from  an  actual  working- 
face. 


Mr.  J.  Gerrard  (H.M.  Inspector  of  Mines),  in  moving  a  vote 
of  thanks  to  Mr.  Pickering  for  his  paper,  said  that  the  mention  of 
the  word  "  systematic  "'  was  a  bagey  to  many  mining-engineers. 
In  the  Yorkshire  mines-inspection  district,  there  were  many  men 
of  many  minds,  and  it  was  a  distinct  advantage  to  hear  diverse 
views.  There  were  scarcely  two  seams  alike,  and  the  same  seams 
were  found  under  different  conditions  in  diifereiit  parts,  even  in 
Yorkshire.  Mr.  Pickering  advanced  the  opinion  that  the  same 
system  of  timbering  should  not  be  applied  to  everj-  seam,  or  to  the 
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Fig.  1.— Sketch-plan  of  Working-face. 


FEET.   INGHESi 
SHALE,  WITH  BANDS  OF   IRONSTONE        
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X    r        -      '■—- 


SHALE,  WITH  BANDS  OF  IRONSTONE  ; 
FIRST    RIPPING 


OOAL.  TOP 


OOAL,   BOTTOM  1     •   2 

FIHE-CLAV:    HOLING  DIRT  O      8 


Fig   2.— Cross-section  on   Line  A  B  of  Fig.   I. 


FEET.   INGH€S. 
SHALE.  WITH   BANDS  OF   IRONSTONE        I? 
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SHALE.  WTH  BANDS  OF  IRONSTONE  ; 

FIRST    HIPPING  1    •   6 


OOAL,   BOTTOM 
FIRE-CLAY:     HOLING  DIRT 


■!G.  3.— Cross-section,  shewing   Arrangement  of  Timber. 
where  Cockers  are   used. 

Scale.  6  Feet  to  1  Inch. 
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same  seam  throughout  the  Yorkshire  district,  and  that  in  every 
seam  there  should  be  systematic  rather  than  chance  or  haphazard 
timbering.  The  admirable  old  saying  of  having  a  place  for  eveiy- 
thing  and  everything  in  its  place  was  the  first  step  towards  system. 
This  matter  had  been  under  consideration  for  some  time,  and  the 
first  step  in  the  right  direction  was  to  prescribe  by  rule  and  by 
order  a  system  of  timbering  in  working-places,  and  the  success  of 
that  first  step  entirely  depended  upon  its  enforcement.  They 
might  indicate  the  direction,  but  if  they  neglected  to  enforce  it, 
then  it  were  better  that  the  step  had  not  been  made.  Whether  coal- 
cutling  machinei-y  would' help  the  members  to  obtain  a  system  of 
timbering  would  largely  depend  upon  the  conditions  of  the  seam, 
and  upon  the  perseverance  and  patience  of  those  connected  with 
its  working ;  and  from  his  experience,  he  was  absolutely  satisfied 
that  no  coal-cutting  machine  would  work  efficientlj'  in  every  seam. 

Mr.  H.  B.  Xash,  in  seconding  the  vote  of  thanks,  said  that  the 
members  were  indebted  to  Mr.  Pickering  for  the  admirable  sugges- 
tions contained  in  his  paper.  In  his  experience,  colliery-officials 
were  always  willing  to  carry  out  any  suggestions  to  enhance  safety 
that  might  be  made  to  them ;  but  they  experienced  the  greatest 
difficulty  in  inducing  the  workmen  to  do  the  same.  It  should  be 
impressed  upon  each  man  that  the  rules  referred  to  him  as  an 
individual,  aud  that  by  carrying  them  out  he  was  helping  to  keep 
himself  aud  his  fellow-workmen  safe.  In  nine  cases  out  of  ten, 
from  their  habitual  contact  with  danger  the  collier  never  thought 
how  an  accident  happened. 

The  resolution  was  cordially  approved. 

Mr.  Arnold  Luptox  said  that  there  could  not  be  any  doubt  in 
the  mind  of  anyone  who  had  studied  the  statistics  of  mining 
accidents  in  this  country,  and  who  had  seen  how  greatly  the  death- 
rate  per  ton  raised  had  been  reduced  in  the  last  50  years,  that  the 
number  of  accidents  might  be  reduced  without  drastic  rules. 
Speaking  on  the  subject  of  mining  explosions,  he  could  remember 
the  time  when  every  mining  explosion  was  attributed  to  gas :  but 
an  enormous  reduction  in  deaths  from  explosion  resulted  from  the 
introduction  of  explosives,  which  did  not  produce  so  large  a  flame 
as  gunpowder :  and  it  took  nearly  30  years  to  produce  a  general 
understanding  on  that  great  question.     Xow  he  found  that  some 
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mininff-eng-ineers  and  some  of  H.M.  inspectors  of  mines  were  start- 
ing on  what  was  at  present  the  chief  branch  of  onr  death-rate,  the 
timbering  of  the  working-places.    He  had  read  the  papers  and  dis- 
cussions on  the  subject,  and  he  was  very  much  impressed  by  the 
advantages  of  system  in  timbering ;    and   he   thought   that   the 
system  introduced  by  ^Fr.  Fowler  at  the  Babbington  collieries 
had  many  advantages.     He  was  always  prepared  to  consider  a  sub- 
ject thoroughly,  whatever  the  subject  might  be  that  he  took  in 
hand  :  and  if  managers  in  other  parts  of  the  coimtry  had  done  the 
same  thing,  they  would  have  an  immense  body  of  evidence  shew- 
ing the  advantages  of  systematic  timbering.     When  he  had  the 
honour  of  giving  lectures  at  the  Yorkshire  College,  he  had  always 
taught  his  pupils  that  "two  sound  props  were  much  better  than 
one  broken  one  ;  "  and  that  this  was  another  way  of  stating  "  Have 
plenty  of  timber  in  your  working-places,  then  you  are  not  likely 
to  have  so  many  accidents,  nor  any  increase  in  your  timber-bills, 
because  j-our  timber-bills  are  incurred  by  having  so  much  broken 
timber.     If  you  can  set  the  same  prop  twice,  it  is  cheaper  than  if 
you  could  only  set  it  once."     There  were  many  pits  where  the 
same  system  would  not  apply,  but  as  he  (Mr.  Lupton)  understood, 
the  idea  was  that  in  every  pit,  in  every  seam,  and  perhaps  in  every 
district,  there  should  be  some  carefully  thought-out  plan  of  tim- 
bering, and  this,  reduced  to  writing,  should  be  the  rule  in  that 
district  until  those  who  were  responsible  thought  fit  to  alter  that 
rule. 

Mr.  T.  AV.  H.  Mitchell  said  the  colliery-manager  had  to 
consider  the  workmen's  views,  and  the  probability  of  increased 
cost  incurred  by  asking  the  colliers  to  timber  as  they  had  hitherto 
been  doing,  on  a  system  which,  being  set  forth  in  writing,  appeared 
to  them  to  be  something  novel.  At  many  collieries,  he  thought 
that  practically  a  system  of  arranging  the  timber  in  rows  was  in 
force,  and  although  it  was  not  posted  in  each  district,  it  was  posted 
in  the  minds  of  the  officials  and  workmen.  There  would  be  diffi- 
culty in  enforcing  hard-and-fast  rules,  and  many  of  the  members 
knew  that  the  adoption  of  simple  rules  had  caused  enormous 
trouble,  although  they  only  recorded  what  had  been  done  in  the 
past.  Then  again  they  would  find,  on  occasions,  after  the  rules 
had  been  posted — he  would  not  say  very  often — that  a  nightman, 
probably  under  the  supervision  of  a  deputy,  would  build  a  pack- 
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wall:  but  it  would  not  be  properly  filled,  or  filled  to  the  top,  and 
when  the  first  bump  came,  probably  the  man  working  next 
morning  in  the  phice  was  buried  under  the  pack,  wliich  had  simply 
been  a  thin  wall  instead  of  being  a  proper  support.  Mr.  Pickering 
wished  to  insist  that  colliery-managers  should  always  bear  the 
timber  question  in  their  mind,  and  try  to  educate  their  officials, 
and  that  the  oificials  should  in  turn  educate  the  colliei'. 

Mr.  H.  EiiODEs  remarked  that  the  death-rate  from  falls  of  roof 
and  side  had  practically  remained  stationary  during  the  past  10 
years.  During  that  time  9  accidents  had  occurred  at  a  large  col- 
liery from  falls  of  roof,  but  not  one  actually  at  the  working-face. 
This  was  a  singular  fact,  and  if  the  other  accidents  mentioned  by 
Mr.  Pickering  had  occurred  in  the  same  way,  it  would  appear  that 
systematic  timbering  could  not  have  prevented  any  of  them. 

Mr.  P.  RouTLEDGE,  with  regard  to  the  suggestion  of  employing 
specially  qualified  men  to  set  timber,  stated  that  in  longwall  work- 
ings it  was  desirable  that  the  men  should  set  their  own  timber. 
He  wished  to  point  out  that  mining-engineers  were  most  anxious 
to  do  what  they  could  to  enhance  the  safety  of  their  workmen,  but 
at  the  same  time  they  did  not  wish  to  be  crushed  by  further  bur- 
dens.    They  were  overburdened  by  legislation  in  England. 

Mr.  I.  Hodges  said  that  there  would  be  considerable  difficulty 
in  revising  any  method  of  working  for  which  the  miner  had  a  fixed 
price-list.  It  would  be  a  gigantic  task  to  alter  the  conditions 
under  which  miners  were  Avorking  at  jjresent,  and  it  was  im- 
possible to  employ  other  men  to  draw  or  set  timber,  unless  the  coal- 
owners  were  piepared  to  pay  the  whol_^  of  the  cost.  Mining- 
engineers,  who  were  daily  dealing  with  labour  problems,  were 
absolutely  agreed  that  it  would  be  impossible  to  obtain  any  rebate 
from  the  workmen  if  they  were  relieved  of  the  timbering  of  their 
working-places.  Xevertheless,  they  ought  to  look  at  the  enhanced 
safety  of  the  mine,  as  the  cost  of  ensuring  that  safety  was 
not  an  actual  loss ;  and  it  did  not  always  imply  that  the  cost  of 
working  the  coal  would  be  increased.  He  agreed  that  the  timber- 
ing should  be  done  from  the  goaf,  and  that  the  roof  should  be 
allowed  to  settle  in  a  systematic  manner.  The  miner  received  with 
alarm  any  suggestion  that  was  made,  and  he  agreed  with  Mr. 
Mitchell  that  they  objected  to  the  details  of  their  work  being  re- 
corded in  Avriting  unless  it  was  accompanied  by  an  increased  price. 
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Mine  managers  desired  practical  rules,  which,  possibly  after  revi- 
sion, would  be  acceptable  to  all  concerned. 

Mr.  M.  H.  Habeeshox  stated  that  there  were  collieries  in  this 
district,  working  coal  by  machinery,  where  the  method  of  timber- 
ing was  very  similar  to  that  shewn  in  the  sketches  attached  to  Mr. 
Pickering's  paper.  The  system  was  enforced  without  any  special 
rules  or  notice  posted  in  the  pit. 

Mr.  J.  R.  E.  "VYiLSOX  (H.M.  Inspector  of  Mines)  remarked  that 
it  would  have  been  very  interesting  if  the  members  would  read  the 
reports  of  H.M.  inspectors  of  mines  respecting  the  9  accidents 
referred  to  by  Mr.  Rhodes.  In  the  Yorkshire  mines-inspection 
district,  there  were  only  two  or  three  collieries  at  which  plans  of 
the  system  of  timbering  were  placed  in  the  box-hole.  In  Lanca- 
shire, he  had  seen  plans  on  a  large  scale  and  on  wooden  boards, 
giving  the  workmen  exjilicit  instructions  as  to  setting  timber. 
The  timbering  rules  should  be  varied  from  time  to  time :  and 
further,  the  deputy  or  undermanager  was  allowed  a  certain  amount 
of  latitude,  and  could  order  alterations  if  they  were  necessary. 

Mr.  JoHX  Gill  said  that  if  notices  were  posted  up  the  workmen 
would  not  read  them,  and  the  special  timbering  rules  would  be 
similarly  neglected. 

Mr.  AY.  H.  PiCKERiXG  (H.M.  Inspector  of  Mines),  replying  to 
the  discussion,  agreed  that  every  manager  must  adopt  a  system 
suitable  for  his  own  particular  pit.  The  paper  was  read  with  the 
object  of  eliciting  the  views  of  Yorkshire  managers  on  the  subject 
of  systematic  timbering.  He  thought  that  nowadays  there  was 
plenty  of  timber  placed  in  the  stalls,  but  difficulty  was  experienced 
in  getting  it  set,  and  he  desired  that  it  should  be  systematicalh' 
set.  He  could  not  agree  with  the  statements  that  the  workmen 
did  not  read  the  rules,  and  that  they  would  not  take  an  interest  in 
the  subject.  He  thought  that  perhaps  he  had  not  expressed  him- 
self clearly  as  to  the  employment  of  skilled  men  to  set  timber, 
as  he  did  not  mean  specially  appointed  men,  but  that  men  who  were 
skilled  colliers  should  be  allowed  to  set  timber.  He  was  aware 
that  in  soine  mining  districts  special  men  were  appointed  to  set 
timber;  much  might  be  said  in  favour  of  such  a  system,  but  it 
was  not  practicable  in  all  mines.  In  his  opinion,  lids  formed  a 
very  important  part  of  any  system  of  timbering,  and  should  be 
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systematically  used.  H.M.  inspectors  of  mines  often  visited 
collieries,  working'  almost  identical  seams  :  in  one,  the  system  of 
timbering-  was  admirable,  and  in  the  other  there  would  be  no 
system.  H.M.  inspectors  of  mines  wanted  the  worst  raised  to  the 
standard  of  the  best-managed  collieries.  He  was  not  going  to 
defend  the  Courrieres  system,  but  he  thought  that  the  report  had 
been  misunderstood. 

Mr.  JoHX  Cteerard  (H.M.  Inspector  of  Mines)  said  that  he 
visited  the  Courrieres  collieries,  to  see  the  system  of  timbering,  the 
conditions  under  which  the  system  was  applied,  and  to  ascertain 
the  practicability  of  applying  the  system  in  this  country,'.  The 
report*  (which  was  issued  as  a  supplement  to  Dr.  Foster's  reportf) 
was  an  incidental  report,  and  it  was  not  intended  to  convey  the  idea 
that  the  Courrieres  system  could  be  applied  to  all  mines  in  this 
country. 

The  discussion  was  then  adjourned. 


Discrssiox  OF  :mr.  ^y.  scott's  papee  ox  "  the 

CRAIG  COAL-AVASHER.": 

Mr.  C.  R.  Claghorn  (Wehrum,  Indiana  County,  Pennsj'lvania, 
U.S.A.)  wrote  that  there  was  a  great  similarity  between  the  Craig 
washer  and  the  Campbell  washer ;  and  many  points  made  by  Mr. 
Scott  in  his  description  of  the  operation  of  the  Craig  washer  applied 
equally  Avell  to  the  Campbell  table. 

In  view  of  his  (Mr.  Claghorn's)  paper  on  the  Campbell  table, 
he  could  only  say  that  he  had  thought  up  to  the  present  moment 
that  he  was  the  hrst  to  apply  the  filtration-system  of  washed-coal 
storage  iu  pits  or  bins ;  but  he  found,  after  reading  Mr.  Scott's 
paper,  that  he  had  been  working  along  the  same  lines.  In  the 
light  of  his  experience,  he  would  ask  a  few  questions  in  the  way 
of  discussion.  Taking  the  circular  bins  as  illustrated  on  Plate 
XI.§  he  asked  what  arrangement  Mr.  Scott  made  for  the  reloading 
of  the  drained  washed  coal.       His  first  experiment  made  three 

*  Report  of  Four  lujipectors  of  Mine-i,  etc.,  1901. 
t   Traii-i.  Inst.  M.E.,  1900,  vol.  xx.,  page  164. 
:  Ibid.,  1902,  vol.  xxiii.,  page  179. 
§  Ihi'L,  1902,  vol.  xxiii.,  page  182. 
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years  ago,  iu  this  connection,  was  wiih  an  overhead  structure 
(with  the  coke-oven  charging  larry  tracks  beneath)  of  rectangular 
section.  Into  this  box,  the  coal  was  sluiced  with  the  wash-water, 
the  water  filtering  off  through  the  coal-mass  by  means  of  suitable 
conduits  made  in  the  bottom  and  sides.  He  found  that  the  coal 
was  packed  so  hard  and  fast  that  it  could  not  be  got  down 
through  an}'  kind  of  gate  or  door  in  the  bottom,  and  he  had  to 
arrange  the  bin  so  as  to  have  a  bottom  which  was  completely 
removable  in  small  sections,  plank  by  plank,  in  order  that  the 
stored  coal  could  be  removed.  He  had  subsequently  modified  his 
plans,  so  that  the  storage  and  filtration  is  in  pits  in  the  ground,  the 
reloading  being  done  by  clam-shell  buckets  operated  from 
gantries.  This  sj^stem  works  very  well,  and  has  overcome  the 
difficulty  referred  to. 

He  would  like  to  ask  what  percentage  of  moisture  Mr.  Scott 
found  in  the  drained  coal,  and  how  far  this  could  be  reduced  by 
longer  drainage.  In  his  experience,  the  moisture  was  reduced  to 
about  ()  per  cent  in  72  hours.  After  that  time,  it  remained  prac- 
tically the  same,  apparently  being  held  bj^  capillarity,  and  even 
stirring  up  or  handling  did  not  reduce  this  moisture  to  any  appre- 
ciable amount,  except  so  far  as  exposure  to  the  air  might  dry  the 
coal. 

The  beauty  of  this  system,  apart  from  points  of  economy,  was 
in  the  perfect  recovery  of  the  sludge.  This  was  disseminated  (as  it 
should  be)  entirely  throughout  the  washed  coal-mass,  and  formed 
a  uniform  product  for  coking.  By  any  other  system,  this  sludge 
was  recovered  by  itself ;  the  oven  or  ovens  which  received  it  must 
be  treated  somewhat  differently,  and  the  resulting  coke-product 
would  be  of  a  quality  unlike  the  usual  product. 

Furthermore,  a  plant  washing  small  coal,  suitable  for  mechani- 
cal stoker-use  for  steam-raising,  had  the  advantage  of  receiving 
the  sludge  along  with  the  rest  of  the  marketable  product :  but,  if 
recovered  separately,  it  would  have  to  be  remixed  by  a  separate 
operation  or  thrown  away,  as  by  itself  it  is  of  no  value  for  steam- 
raising,  being  too  finely  divided  to  permit  of  its  being  tired  by  hand 
or  machinery. 

Mr.  "William  Scott  (Leeds)  wrote  that  he  first  turned  his 
attention  to  the  necessity  of  recovering  the  finer  portions  of  coal, 
which  hitherto  had  been  lost  in  the  settlings,  in  1895.     Then  a 
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brick  hopper,  20  feet  high  and  15  feet  square,  was  erected,  having 
a  bottom  lined  with  maltkiln-tiles,  which  answered  admirably  so 
far  as  drainag-e  was  concerned.  Three  hoppers  accommodated 
the  finantity  of  coal  treated,  one  hopper  being  charged,  one  drain- 
ing, and  from  the  other  coal  was  drawn.  He  had  experienced 
the  trouble  complained  of  by  Mr.  Claghorn,  but  the  greater  part 
of  the  coal  could  be  withdrawn  by  pottering  with  a  long  iron  rod 
through  the  sliding-door  at  the  bottom  of  the  hopper.  The  Craig 
system  seemed  to  him  to  be  immeasurably  superior  to  the  hopper- 
system,  as  the  tank,  being  circular  in  form,  the  process  of  unload- 
ing the  hopper  is  done  mechanically  by  a  series  of  revolving  knives 
taking  out  a  core,  about  2  feet  in  diameter,  after  which  a  revolv- 
ing circular  vertical  scraper  is  gradually  worked  downward  and 
at  the  same  time  sweeps  the  remainder  of  the  contents  of  the 
hopper  into  this  central  space,  whence  eventually  it  falls  through 
the  door  at  the  bottom  into  the  coke-oven  tub.  He  agreed  with 
Mr.  Claghorn's  remarks  as  to  the  period  of  drainage,  and  he  had 
found  that  after  a  certain  time  no  further  reductions  of  moisture 
occurred.  He  did  not  think  that  it  would  be  desirable  to  reduce 
the  amount  of  moisture  remaining  in  the  washed  coal  below  6  per 
cent. ;  otherwise  owing  to  the  lightness  of  the  product,  there 
would  be  a  loss  in  exposed  positions  such  as  the  top  of  a  coke- 
oven,  where  it  might  be  scattered  from  the  top  of  the  tub ;  and 
there  would  be  greater  waste  in  charging  the  oven  from  the  tub, 
where  there  is  often  a  drop  of  4  or  5  feet  due  to  varying  gradients 
of  the  tram-road. 
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MIDLAND  IXSTITUTE  OF  MI^S'IXG,  CIVIL  AND 
MECHANICAL  ENGINEERS. 


(GENERAL   MEETING, 

Held  at  the  Royal  Victoria  Station-  Hotel,  Sheffikld, 

November  8th,  1902. 


Mr.  H.  B.  NASH,  President,  in  the  Chair. 


The  minutes  of  the  previous  General  Meeting  were  read  and 
confirmed. 


The  following  gentlemen  were  elected,  having  been  previously 
nominated:  — 

Members  — 
Mr.  Walter   Baxter,  Colliery  Manager,  Silverwood   Colliery,  Thrybergh, 

Rotherham. 
Mr.  Albert  Victor  Kochs,  Colliery    Engineer,  Forster's  Buildings,  High 

Street,  SheflSeld. 
Mr.    Alfred   Norman    Routledge,   Mine   Surveyor,   Cross    Green    House, 

Knowesthorpe,  Leeds. 
Mr.  Richard  Sutcliffe,  Mining  Engineer,  Horbury,  Wakefield. 

Associate — 
Mr.  William  Leebetter,  Chargenian-deputy,  35,  Cliffe  View,  Denaby  Main, 
Rotherham. 


The  PRESinENT  delivered  the  following  Address:  — 


2.T 


PRESIDENTIAL    ADDRESS.  '2S', 


PRESIDENTIAL  ADDRESS. 


By  H.  B.  NASH. 


I  have  to  thank  the  members  for  the  honour  which  they  have 
conferred  upon  me  in  making  me  their  President  for  the  ensuing 
year.  I  sincerely  trust  that,  during  my  term  of  office,  the  work 
of  the  Institute  M'ill  at  any  rate  equal  that  of  my  worthy  pre- 
decessors, and  assisted  as  I  shall  be  by  so  able  a  Council,  I  feel 
sure  that  no  effort  will  be  spared  either  on  their  part  or  my  own 
to  attain  these  results. 

The  President's  address  can  of  necessity  only  deal  in  a  general 
way  with  such  subjects  as  are  most  to  the  front  at  the  moment, 
and  I  purpose  reviewing  briefly  the  great  changes  that  have  taken 
place  in  our  own  immediate  districts  of  South  and  West  York- 
shire during  the  past  forty  years ;  and  then  giving  expression  to 
my  views  as  to  the  future  development  of  this  valuable  coal-field, 
feeling  thankful  that  it  is  customary  for  the  members  to  accept 
without  criticism  the  remarks  embraced  in  the  President's 
address. 

The  Past. 

It  was  my  good  fortune  to  make  my  first  practical  acquaint- 
ance with  the  coal-trade  when  it  was  at  the  height  of  its  prosperity, 
in  1873.  Anything  black  would  sell,  and  10,000  tons  of  slack, 
which  had  been  used  for  ballasting  the  empty-wagon  sidings,  was 
filled  and  sold  at  about  13s.  per  ton  at  the  pits  with  which  I  was 
then  connected,  and  ripping-dirt  was  sent  out  of  the  pit  to 
replace  it. 

Prior  to  1865,  few  pits  had  been  sunk  to  a  depth  of  900  feet, 
and  outputs  of  500  tons  per  day  from  one  shaft  were  considered 
large.  Egg-ended  boilers  ranging  from  20  to  36  feet  in  length, 
and  from  4^  feet  to  6  feet  in  diameter,  working  at  pressures 
varying  from  40  to  50  pounds  to  the  square  inch,  were  in  general 
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use.  Fixed-bar  screens,  making'  only  two  sorts  of  coal  (lar^e 
and  slack),  were  the  only  screens  necessary,  and  coke-makinpf  was 
a  small  industry.  The  life  of  the  colliery-salesman  in  those  days, 
with  onlj^  three  classes  of  coal  to  sell,  was  one  of  comparative 
ease.  Railway-wagons  were  generally  of  6  tons  capacity,  fitted 
with  dead  huifers.  Shafts  were  usually  sunk  from  9  to  10  feet 
in  diameter,  single-decked  cages  were  universal,  and  winding 
from  upcast-shafts  was  practically  unknown.  Winding-engiuea, 
with  the  engineman  holding  a  pair  of  handles  like  wheelbarrow- 
shafts,  handling  every  stroke  of  the  engine,  were  commonly  to  be 
seen.  Pumping-engines  were  worked  on  the  lift-principle, 
with  heavy  columns  of  pipes  in  the  shafts,  and  huge  spears 
and  beams  at  most  of  the  pits.  Cast-iron  tubbing,  for  keeping 
back  the  water,  was  only  coming  into  use  at  new  sinkings. 
Ventilation,  generally,  was  effected  by  large  furnaces,  and  candles 
were  used  in  all  but  the  most  fiery  pits,  but  Davy  or  Clanny 
safety-lamps  were  usetl  in  those  parts  which  were  considered  most 
dangerous.  The  system  of  working  was  chiefly  bord-and-pillar, 
and  dip-workings  were  only  practicable  where  steam  could  be 
carried  to  the  coal-face  to  actuate  the  pumps,  often  with  most 
disastrous  results  to  the  roof.  Plans  were  made  up  when  the 
manager  could  find  time  to  attend  to  them,  with  the  inevitable 
results  that  inundations  from  old  disused  workings  were  of  fre- 
quent occurrence.  A  royalty  of  500  acres  was  a  large  take,  and 
the  majority  were  of  much  smaller  area. 

In  1856,  the  tons  of  coal  raised  in  Yorkshire  were  9,083,265  ; 
and  12  years  later,  in  1868,  the  output  had  onlj-  increased  by 
700,000  tons,  proving  that  it  had  been  practically  stationary.  In 
the  latter  year,  the  number  of  working  collieries  was  441,  the 
number  of  men  emploj-ed  37,000,  and  the  mineral  raised  per 
person  employed  was  262  tons. 

The  Present. 

But  the  prosperous  times  of  1872  to  1874  gave  an.  immense 
impetus  to  the  development  of  the  coal-field,  resulting  in  the 
sinking  of  deeper  shafts  of  larger  diameter,  competent  to  deal 
with  increased  daily  outputs.  This  was  followed  by  the  intro- 
duction of  Lancashire  boilers  working  at  pressures  of  between  60 
and  80  pounds  per  square  inch,  thereby  enabling  the  speed  of 
winding  to  be  considerablj-  accelerated. 
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Most  of  tlie  sliafts  put  down  about  this  time  were  from  12  to 
16  feet  in  diameter,  lined  with  cast-iron  tubbing  througli  the 
water-bearing  strata  ;  and  thence  downward  lined  with  from  9  to 
14  inches  of  brickwork,  to  the  pit-bottom.  The  shafts  were 
usually  fitted  with  double-decked  cages,  carrying  two  corves  on 
each  deck ;  and,  where  there  was  plenty  of  room  in  the  shafts, 
wire-rope  guides  were  used  in  place  of  the  common  wooden  con- 
ductors. Most  of  the  headgears,  at  this  time,  were  built  of  pitch- 
pine,  and  some  excellent  specimens  of  joiners'-work  were  shewn 
in  tho  fitting  together  and  erection. 

Owing  to  the  increased  demand  for  coke  for  iron-smelting,  it 
became  necessary  to  take  the  smudge  out  of  the  slack,  and  this 
had  the  effect  of  raising  the  pit-hills,  to  enable  the  number  of 
railway-lines  to  be  increased  from  2  to  •>  for  this  purpose  :  it 
being,  at  that  time,  the  only  way  of  obtaining  a  sufficient  inclina- 
tion for  the  screens.  Since  that  time,  jigging-screens  and  travel- 
ling belts  have  altered  these  arrangements.  Balanced  tipplers 
were  also  introduced,  with  the  view  of  avoiding  the  large  amount 
of  breakage  which  took  place  with  the  house-coals.  A  general 
plan  at  this  time  was  to  erect  screening-plant  and  siding-accom- 
modation for  an  estimated  output  of  1,000  tons  per  day  for  a 
royalty  area  of  1,000  acres. 

Fans,  chiefly  of  the  Guibal  or  Waddell  types,  took  the  place 
of  furnaces,  and  they  were  driven  direct,  producing  water-gauges 
ranging  up  to  about  -J  inches. 

The  Coal-mines  Regulation  Act,  1873,  caused  the  use  of 
safety -lamps  to  be  a  necessitj^  in  all  but  the  shallow  mines,  and 
induced  the  great  improvement  which  took  place  during  this 
period  in  the  different  types  of  safety-lamps  then  in  use.  It  also 
led  to  greater  care  and  attention  being  paid  to  the  cleaning  and 
testing  of  the  lamps  before  they  were  placed  in  the  hands  of  the 
workmen,  each  morning  before  descending  into  the  mine.  And, 
as  a  natural  consequence,  there  was  a  greatly  decreased  death- 
rate  from  minor  explosions. 

llope-haulage  was  substituted  for  horses  in  the  main  levels 
and  inclined  planes.  Compressed-air  engines  enabled  dip-work- 
ings to  be  freed  from  water  in  places  where  it  had  been  previously 
impracticable  to  carry  steam,  on  account  of  the  damage  caused 
to  the  roof  of  the  mine;  and  in  some  cases  it  was  used  in  rise- 
headings  to  ventilate  and  keep  them  free  from  gas. 
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The  system  of  working  was  in  many  cases  changed  from  bord- 
and-pillar  to  longwall,  thereby  enabling  larger  outputs  to  be  pro- 
duced with  much  less  pit-room,  as  soon  as  the  shaft-pillars  had 
been  headed  through. 

Electric  signalling  took  the  place  of  the  old-fashioned  bell- 
wire,  which  over  long  distances  often  took  two  strong  lads  to  pull 
it.  There  was  great  uncertainty  (on  the  old  system)  as  to  whether 
the  correct  signal  had  been  received  or  otherwise,  and  doubtless 
many  accidents  occurred  through  mistaken  signals. 

Coal-cutting  by  machinery  was  practically  unknown,  indeed 
in  the  Barnsley  seam  unnecessary ;  and  there  was  little  incentive 
to  its  development  and  application.  Blasting-powder  was  the 
explosive  used,  either  in  the  sinking  of  shafts  or  in  the  driving  of 
drifts.  All  hard  coal  was  blown  down  with  blasting-poMxler,  and 
great  carelessness  in  its  use  led  to  many  accidents.  Usually  it 
was  stemmed  with  any  material  near  at  hand,  and  it  was  a 
common  practice  for  missed-shots  to  be  drilled  out.  All  shot- 
holes,  either  in  sinking,  in  drifting,  or  in  the  coal  itself,  were  put 
in  by  hand. 

The  fitting-shops  at  the  new  collieries  were  efiiciently  equipped 
with  lathes,  drilling-machines  and  shearing-machines,  and 
labour-saving  tools  were  introduced  as  much  as  possible. 

Grinding  the  smudge  for  coke-making  was  found  to  effect  a 
great  improvement  in  the  density  and  mechanical  construction  of 
the  coke ;  and  the  local  demand  for  steel-melting  and  foundry- 
coke  led  to  crude  forms  of  self-acting  washers  being  erected.  At 
some  collieries,  trough-washers,  depending  on  gi'avitation  for 
their  results,  and  at  others,  some  of  the  earlier  types  of  mechanical 
washers  were  erected,  and  proved  efficient  for  small  daily 
quantities.  The  beehive  coke-oven,  11  feet  in  diameter,  was  the 
universal  type,  in  most  instances  burning  out  of  the  top ;  but  in 
a  few  cases  a  flue  was  built  between  the  ovens,  and  the  escaping 
gases  were  utilized  in  heating  a  limited  number  of  boilers,  thereby 
reducing  the  collieiy-consumption  of  small  coal  required  for  the 
hand-fired  boilers. 

In  the  ten  years  which  I  have  just  reviewed,  the  output  of  coal 
in  Yorkshire  had  nearly  doubled  itself  :  the  figures  for  1868  being 
10,728,837  tons,  as  compared  with  16,188,179  tons  in  1878,  an 
increase  of  no  less  than  5,469,342  tons,  which  in  1900  had  still 
fiirther  increased  to  the  record-output  of  28,902,569  tons. 
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AVithout  such  comparisons  it  is  impossible  to  estimate  the 
rapid  advance  which  mining-engineering  has  made  in  Yorkshire 
during  the  last  half-century,  and  my  main  object  in  putting 
together  these  notes  is  to  combat  the  statements  so  frequently 
made  that  mining-engineers  are  uot  moving  with  the  times,  and 
that  the  foreigner  is  far  ahead  of  us.  Further,  to  show  that  as 
circumstances  have  arisen,  the  mining-engineers  and  managers 
of  Yorkshire  collieries  have  adapted  themselves  to  them,  and 
advanced  with  the  times  as  required  by  the  altered  conditions. 
For  this  purpose,  it  is  necessary  to  look  at  things  as  we  find  them 
to-day,  and  I  think  that  all  will  be  prepared  to  admit  that  no 
mean  advance  has  taken  place  during  the  last  20  years  in  the 
equipment  and  increase  of  daily  outputs  from  the  collieries. 

During  this  period,  many  of  the  older  pits  have  become 
exhausted,  and  the  works  closed,  few  sinkings  have  been  made 
of  less  than  1,200  feet  in  depth,  and  in  some  cases  a  depth  of  nearly 
2,400  feet  has  been  reached.  The  larger  outlaw's  necessary  for 
the  sinking  of  the  deeper  shafts,  at  once  led  to  greatly  increased 
royalties  to  warrant  such  an  expenditure,  and  areas  of  2,000  acres 
to  a  pair  of  pits  are  now  common.  The  longer  time  taken  in 
winding  led  to  shafts  being  increased  in  size  so  as  to  accommodate 
larger  cages,  and  pits  from  18  to  20  feet  in  diameter  are  now 
usually  sunk,  fitted  with  cages  capable  of  holding  four  tubs  on 
each  deck  and  3  and  4  decks  high.  The  loading  and  unloading 
of  these  decks  simultaneously  by  mechanical  means,  at  both  the 
top  and  bottom  of  shafts,  has  led  to  large  daily  outputs  being 
drawn  from  single  shafts,  and  2,000  tons  dail^-  at  the  newer 
collieries  is  not  at  all  an  uncommon  output. 

Fans  of  much  smaller  diameter,  thereby  requiring  much  less 
costly  foundations,  running  at  high  speeds  with  high  water- 
gauges,  have  enabled  immense  volumes  of  air  to  be  passed  through 
the  workings,  thereby  allowing  larger  numbers  of  men  to  be 
employed  in  each  mine  under  more  favourable  conditions  than 
heretofore. 

The  use  of  electricity  for  hauling,  pumping,  coal-cutting  and 
lighting,  is  making  rapid  strides,  and  its  adaptability  for  the 
application  of  mechanical  power  in  almost  any  situation  is  such 
that  the  time  cannot  be  far  distant  when  it  will  replace  90  per 
cent,  of  the  present  steam-engines,  at  a  much  less  cost  than  the 
present  wasteful  system,  where  the  actual  percentage  of  useful 
effect  is  very  small. 
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Watei-tuLe  boilers  working  at  pressures  varying  from  120  to 
200  pounds  to  the  square  inch  are  being  used  at  the  collieries 
now  being  sunk,  and  compound  engines  for  fan-driving,  air-com- 
pressing or  generating  electricity  are  coming  into  general  use. 

Elaborate  screening-plants,  capable  of  making  a  dozen 
varieties  aaid  sizes  of  coal,  fitted  with  revolving-tipplers,  picking- 
bands  and  jigging-screens,  to  deal  with  large  daily  outputs,  are  an 
absolute  necessity*,  and  as  the  seams  below  the  Barnsley  seam  are 
more  generally  worked,  washing-  and  siziug-plants  will  become 
necessary. 

Headgears  are  now  nearly  all  made  of  latticed  girders,  and 
all  the  plant  about  the  surface  is  so  arranged  that  the  risk  of  fii'e 
may  be  reduced  to  a  minimum. 

Longwall,  in  one  form  or  another,  is  the  rule,  and  bord-and- 
pillar  the  exceptional  method  of  working. 

Coal-cutting  machines,  driven  either  by  compressed  air  or 
electricity,  made  to  hole  to  depths  varying  from  3  to  6  feet  are 
now  working  very  successfully ;  none  but  the  improved  forms 
of  safety-lamps  are  used ;  and  shot-firing  is  confined  to  one  or 
other  of  the  permitted  high  explosives,  used  under  conditions 
calculated  to  ensure  safety  in  their  use  as  far  as  possible. 

Coke-ovens  are  now  in  use  at  nearly  every  colliery,  and  usually 
all  the  small  coal  is  converted  into  either  furnace  or  foundry- 
coke,  chiefly  in  beehive  coke-ovens  of  standard  size  and  tj'pe. 
A  few  bye-product  plants  have  been  erected,  but  these  are  mostly 
dealing  with  small  coal  from  other  than  the  Barnsley  seam. 

The  tendency  of  the  railwaj'-companies  is  to  reciuire  the  use 
of  wagons  which  have  a  carrying  capacity  of  not  less  than  10  tons, 
and  to  introduce  as  early  as  they  conveniently  can  wagons  carry- 
ing 50  tons  each.  "WTiether  for  anything  but  special  traffic 
the  use  of  these  larger-capacitj'  wagons  will  become  general  or 
not,  time  alone  can  prove. 

The  Future. 

And  now,  having  briefly  sketched  out  the  changes  that  50 
years  have  worked  in  the  development  of  the  coal-field  and  the 
e(|uipment  of  the  mines,  let  us  turn  our  attention  to  the  future, 
while  I  endeavour  to  put  before  you  my  views,  as  to  what  will 
have  to  be  dealt  with  and  the  best  and  most  economical  methods 
(consistent  with  efiiciency)  of  dealing  with  it. 
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So  lonfr  as  the  chief  oonl  to  bo  dealt  with  was  the  world- 
renowned  Barasley  seam,  no  special  methods  of  workinpr,  clean- 
ing, sizing  or  sorting  were  necessary.  Therefore  no  incentive  was 
present  to  induce  the  colliery-mannger  or  mechanical  engineer  to 
leave  the  heateii  track  followed  hy  their  predecessors  in  the 
elaboration  and  application  of  expensive  machinery  for  improv- 
ing its  marketable  (juality  :  but  the  time  is  now  at  hand  when  the 
question  of  the  active  development  of  the  seams  lying  below  the 
Barnsley  seam,  and  possibly  some  of  those  above  it,  nnist  be 
taken  in  hand,  and  conseqnently  the  increased  cost  of  working 
owing  to  the  following  causes  must  be  considered. 

The  admitted  inferiority  in  quality  of  these  seams  to  the 
Barnsley  seam,  the  presence  in  them  of  thin  bands  of  dirt,  the 
thinness  of  the  seams  themselves,  the  greater  depths  at  which  the 
bulk  of  them  will  have  to  be  worked,  the  tender  nature  of  both 
coal  and  roof,  and  consequently  the  greatly  increased  percentage 
of  shale  and  other  impurities  are  facts  which  cannot  be  denied. 
I  venture  to  think  that  those  of  our  members  who  were  fortunate 
enough  to  take  part  in  the  recent  visit  of  the  Institute  to  Rhine- 
land  and  Westphalia  had  a  splendid  opportunity  of  judging  how 
the  foregoing  natural  disadvantages,  as  applied  to  their  coals, 
and  the  extraordinary  large  percentage  of  small  coal,  had  com- 
pelled German  engineers  to  devote  special  attention  to  these 
details,  and  as  they  have  benetited  by  our  experience  in  the  past, 
we  may  hope  to  benetit  by  theirs  in  the  near  future. 

Now  it  must  force  itself  upon  the  minds  of  every  member  that 
the  initial  OTitlay  for  dealing  successfully  with  these  deeper  and 
inferior  seams  must  necessarily  be  greatly  in  excess  of  that 
hitherto  required  for  the  successful  working  of  the  Barnsley 
seam.  Therefore,  to  ensure  the  recoupment  of  this  extra  capital 
much  larger  royalty-areas  will  become  an  absolute  necessity : 
say,  for  example,  8,000  to  4,000  acres  from  one  pair  of  shafts, 
wheii  an  entirely  new  plant  is  being  put  down.  I  am  afraid 
that  in  our  present  system  of  small  freehold  ownerships  in  the 
minerals,  and  minimum  rents,  will  be  found  the  most  serious 
drawback  to  the  successful  development  of  these  seams  ;  but  this 
is  a  matter  over  which  we  have  no  control. 

These  initial  difficulties  having  been  overcome,  and  tlic  site 
for  the  shafts  having  been  determined,  the  most  important 
question  is  the  laying  out  of  the  surface-arrangements,  and,  iu 
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my  opinion,  too  little  attention  is  paid  to  this  important  matter. 
It  Avill  be  more  than  ever  necessary  as  coke-ovens  with  bye-pro- 
diicts  recovery-plants  become  more  general ;  and  it  is  worth  con- 
sidering whether  any  benefits  accrue  from  sinking'  your  pits  along- 
side a  main  line  of  railway,  as  has  been  hitherto  customary  in  this 
district. 

Tn  my  opinion,  it  will  be  advisable  to  have  your  yard  divided 
into  two  parts  with  the  shafts  between  them,  the  screening 
apparatus  and  coke-manufacturing  plant  being  on  one  side,  and 
the  workshops,  winding-  and  fan-engines,  storerooms,  stables, 
offices,  etc.,  on  the  other.  These  should  be  so  arranged  and  laid 
out  as  to  reduce  the  cosf  of  surface-labour  as  much  as  possible, 
and  by  attention  to  little  details  in  the  handling  of  the  timber, 
stores,  hay,  corn,  iron,  steel,  rails,  corfe-repairs,  etc.,  a  saving  of 
Id.  per  ton  on  all  the  coal  produced  may  readily  be  effected.  It 
is  also  essential  that  space  should  be  left  for  extensions,  when  lay- 
ing down  the  general  design,  so  that,  when  necessary,  extensions 
r-an  be  made  without  destroj-ing  the  general  plan  of  the  surface- 
arrangements  of  the  colliery. 

The  shafts  should  be  sunk  of  such  a  diameter,  where  their 
depths  are  likely  to  be  2,000  feet  and  over,  that  they  are  capable 
of  containing  two  separate  sets  of  cages,  running  in  each  shaft  at 
the  same  time  with  independent  winding-engines.  The  decking 
arrangements,  at  both  the  top  and  bottom,  should  be  performed 
mechanically,  and  all  the  decks  should  be  loaded  and  discharged 
simultaneously,  so  that  while  the  cages  are  running  in  the  shafts, 
the  banking  and  screening  may  be  done  without  hindrance  to  the 
winding. 

This  leads  me  to  the  consideration  of  what  may  prove  a  most 
interesting  feature  in  the  future.  The  question  as  to  whether, 
when  dealing  with  these  seams  of  inferior  qiiality  and  containing 
large  admixtures  of  foreign  matter,  such  as  shale  and  bits  of 
roof-stone,  it  will  be  more  economical  to  erect  elaborate  screening- 
arrangements  with  numerous  picking-bands,  etc.,  employing  an 
army  of  lads  to  sort  it  by  hand  ;  or  whether,  although  the  first  cost 
may  be  higher,  it  will  not  be  a  sounder  policy  to  divide  the  coal 
into  large  and  small  sizes,  with  simple  jigging-screens,  cleaning 
the  large  coal  on  belts  and  carrying  all  the  small  coal  direct 
to  large  washeries,  where  the  action  of  the  water,  etc.,  will  take 
out  far  more  of  the  impurities  than  can  possibly  be  done  by  hand, 
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and  where  not  more  than  10  men  will  eomfortably  deal  with  250 
to  800  tons  of  real  per  hour,  attending  to  the  washin?,  sizing 
and  loading  into  the  settling-tanks  of  both  coal  and  dirt.  Person- 
ally, I  think  that  the  latter  system  will  he  found  the  cheaper  of 
the  two.  It  ninst  also  be  remembered  that  the  smudge  from  these 
seams  cannot  be  coked  successfully  in  either  beehive  or  bye- 
product  coke-ovens  unless  it  be  washed.  A  washing-plant 
becomes  an  absolute  necessity,  and  it  should  be  erected  large 
enough  in  the  first  instance,  to  wash  the  whole  of  the  small  coal. 

I  think  it  will  be  admitted  that  where  coal-cutting  by 
machinery  is  necessary,  electricity  is  the  most  suitable  form  of 
power:  and  I  am  also  convinced  that  no  form  of  mechanical 
energy  is  so  easily  adaptable  to  endless-rope  haulage  as  electrical 
power.  AVith  the  rapid  strides  which  are  being  made  daily  in 
the  safer  working  and  handling  of  electricity,  the  time  is  not  far 
distant  when  inclined  planes  will  be  actuated  by  it  in  preference 
to  either  steam,  compressed  air,  or  band-ropes :  the  motors  in 
all  cases  being  placed  in  intake  airways.  Where  electricity  is 
carried  long  distances  inbye,  for  actuating  dip-pumps,  auxiliary 
fans,  or  coal-cutting  machines,  the  danger  of  short-circuiting  may 
be  greatly  lessened  by  carrying  the  cables  along  opposite  sides  of 
the  roads,  thereby  preventing  the  probabilities  of  contact  from 
falls  of  roof,  etc. 

Surface-equipment  next  demands  our  attention,  and  as  steam 
is  our  motive  power,  the  method  of  producing  it  should  claim  our 
first  consideration.  All  boilers,  whether  Lancashire  or  of  the 
water-tube  type,  will,  at  new  collieries,  be  put  down  to  work  at 
pressures  varying  from  120  to  200  pounds  per  square  inch  whether 
fired  by  hand,  mechanically,  or  by  the  waste-gases  from  coke- 
ovens  ;  and  high  pressure  necessitates  the  steam  being  used 
expansively. 

The  winding-engine  of  the  future,  of  the  compound  type, 
fitted  with  automatic  steam-brakes  and  steam  reversing-gear, 
will  be  adopted  for  economy's  sake.  The  other  engines  on  the 
surface,  except  locomotives,  will  be  used  for  generating  elec- 
tricity in  bulk,  and  these  engines  will  be  of  the  triple-expansion 
condensing  type,  all  housed  under  one  roof.  At  present,  engines 
are  spread  all  over  the  colliery-j'^ards,  and  more  steam  is  lost  by 
condensation  in  many  cases  than  is  actually  consumed  by  the 
engines  themselves.       I  think  that  all   who  have   seen   electric 
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motors  working,  and  tlie  case  Avith  wliich  tliey  can  be  started, 
stopped  and  re^ilated,  will  admit  that  fans,  coal-disintegrators, 
latlies,  macliine-tools,  circular  saws,  and  all  classes  of  macliinery, 
about  a  colliery,  now  actuated  by  a  steam-engine,  can  be 
efficiently  and  economically  driven  by  a  motor  of  tlie  same 
power,  with  greater  cleanliness,  a  considerable  saving  of  room 
and  expensive  foundations,  and  less  noise  and  confusion.  At 
any  rate,  the  experience  of  those  with  whom  I  have  conversed, 
who  have  adopted  motors  for  any  of  the  foregoing  uses,  was 
expressed  in  the  terms  that  they  would  be  very  sorry  to  go  back 
to  the  old  method  of  steam-driving. 

Then  compare  the  heavy  ranges  of  ugly,  dangerous,  wasteful 
steam-pipes  (running  all  over  the  colliery-yard,  requiring  in 
winter-time  an  immense  amount  of  attention  to  keep  them  in 
working-order  and  to  prevent  joints  from  being  broken,  and  heavy 
condensation)  with  a  bare  copper  wire  carried  overhead  on  light 
standards,  or  a  cable  buried  in  the  ground,  being  all  that  is 
necessary  in  the  case  of  electricity.  With  proper  attention  and 
carefully-recorded  testing  every  week  for  leakages,  electricity 
can  be  maintained  at  a  minimum  of  cost,  with  practically  no  loss 
of  power,  except  the  resistance,  which  is  much  less  than  the  fric- 
tional  loss  due  to  the  flow  of  steam  in  pipes. 

The  great  advantages  to  be  gained  from  the  concentration  of 
all  power  at  one  central  station  are  secured  by  electricity  generated 
in  bulk  and  produced  at  a  low  cost  per  unit.  The  generators  can 
be  all  of  one  size  and  pattern,  so  that  duplicate  parts  fit  any  of 
the  machines  in  case  of  accidents,  aud  a  spare  armature  and 
machine  may  be  kept  available  for  use  at  short  notice  in  case  of 
a  breakdown  of  any  of  the  generators.  A  further  saving  is 
effected  by  the  decreased  number  of  attendants  required,  being 
much  less  than  if  the  plant  is  scattered  about  in  different  places  ; 
and  the  manager  or  engineer  has  much  better  opportunities  of 
supervision  when  he  can  see  all  the  men  together  by  walking  into 
one  engine-house,  than  when  he  had  to  travel  round  the  pit- 
yard  to  find  them. 

Another  question  which  must  occupy  the  serious  consideration 
of  every  manager  in  laying  out  a  new  colliery-plant  in  this  age 
of  working  with  high-pressure  steam  is,  will  it  pay  to  work  con- 
densing-engines  ?  And  this  question  can  only  be  answered  after 
a  full  examination  of  both  sides  of  the  question,     Ou  one  hand 
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there  is :  — (1)  The  economy  in  coal  and  water  ;  (2)  reduction  ot 
interest  on  capital  and  depreciation  of  plant  by  the  lessened  cost 
of  the  smaller  boiler-plant  required  for  condensing-en!?ines ;  and 
(3)  the  lessened  cost  of  labour  in  the  boiler-house  engaged  in  fir- 
ing, attention,  carting  away  ashes,  etc.  On  the  other  hand  :  -  - 
(1)  The  cost  of  power  for  driving  the  condensing-plant  must  be 
considered :  (2)  interest  and  depreciation  on  the  cost  of  the  plant, 
area  occupied,  etc. ;  (-3)  extra  cost  of  stores  and  labour  for  operat- 
ing same  ;  and  (4)  cost  of  water-supply.  In  my  opinion,  there 
are  few  instances  where  a  condensing-plant  will  not  return  ample 
interest  on  the  outlay,  and  especially  is  this  the  case  when  it  is 
applied  to  a  central-power  station,  similai-  to  the  one  that  I  have 
already  described. 

The  profitable  disposal  of  coal-smudge  is  a  serious  matter  at 
a  large  colliery,  and  I  think  that  its  manufacture  into  coke  is 
the  only  efficient  way  of  accomplishing  this  object.  But  as  to 
whether  this  shall  be  done  in  the  old-fashioned  standard  11  feet 
beehive  coke-oven  (where,  although  the  gases  may  be  used  for 
boiler-firing,  the  bye-products  are  allowed  to  go  to  waste) :  or 
whether  it  is  more  economical  to  put  up  one  or  other  of  the  differ- 
ent t^'pes  of  retort-ovens,  with  their  attendant  plants  for  the 
recovery  of  the  bye-products  and  utilization  of  the  waste-gases 
is  a  great  question,  personally,  I  am  not  sufficiently  well 
acquainted  with  the  cost  of  working  bye-product  ovens  over  a 
period  of  years  to  express  an  opinion.  There  seems  to  be  such  an 
objection  on  the  part  of  those  who  are  working  retort  coke-ovens  to 
give  this  information,  that  one  cannot  help  being  sceptical  as  to 
the  benefits  derived  from  their  use.  It  is  one  of  the  questions  of 
the  near  future,  so  far  as  the  development  of  the  thinner  seams 
are  concerned,  and  it  will  require  careful  and  serious  considera- 
tion. The  experience  of  those  who  have  had  such  coke-ovens 
at  work  for  10  years  would  be  of  value  to  the  members,  and  it  is 
evident  that  the  cost  of  upkeep,  after  the  ovens  have  been  at 
work  for  a  few  years,  must  necessarily  be  a  serious  item,  both  as 
regards  the  ovens  and  the  recovery-plants,  so  that  unless  the 
profits  are  sufficiently  large  both  to  pay  interest  on  the  capital 
outlay  and  recoup  the  capital  in  a  few  years,  the  advantages  of 
their  adoption  are  very  problematical. 

There  can  be  no  doubt  that  the  rapid  advancement  which 
lias  taken  place  during  the  last  two  years  in  the  application  of 
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cycle  gas-engines  up  to  1,000  horsepower  to  the  driving  of  elec- 
tric generators,  without  the  intervention  of  steam,  may  in  the 
near  future  become  an  important  factor  in  determining  the  system 
of  colce-making.  If  the  surplus-gases  from  bye-product  coke- 
ovens  could  be  satisfactorily  used  for  this  purpose,  there  would 
be  an  immense  saving  on  the  capital-outlay  now  necessary 
for  boiler-plant  and  the  value  of  the  retort-ovens  would  be 
materially  enhanced. 

It  must  also  be  borne  in  mind,  in  the  laying  down  of  new 
sidings  and  screening-plants  that  the  tendency  of  the  railway- 
companies  is  to  force  forward  the  use,  so  far  as  possible,  of  wagons 
of  larger  carrying  capacities  than  those  at  present  employed,  and 
to  increase  the  height  and  length  of  the  wagons  with  extended 
wheel-bases  and  provision  should  be  made  in  designing  the 
screens,  weighing-machines  and  curves  to  meet  these  require- 
ments. 

The  question  of  standardizing  as  far  as  possible  the  various 
engines  or  motors  to  be  used  for  the  different  work  about  a  large 
colliery  is  one  that,  I  think,  is  worthy  of  more  than  passing  com- 
ment, as  every  moment  spent  by  a  workman  in  waiting  for  the 
repairs  of  any  machine  means  enhanced  working  costs,  no  matter 
how  minute,  and  if  |  hour  can  be  saved  in  getting  any  part  of  the 
machinery  to  work  after  a  breakdown,  by  the  use  of  duplicate 
parts  common  to  several  machines,  they  must  be  a  source  of  con- 
siderable economy.  I  think  that  this  is  a  matter  which,  at  the 
present  time,  does  not  receive  the  consideration  that  the  saving 
to  be  derived  from  it  warrants.  AVhere  there  are  three  or  four 
hauling-eugines,  three  or  four  boiler  feed-pumps,  and  a  number 
of  separate  engines  for  driving  the  fitting-shop  machinery, 
circular  saws,  screens,  slack-grinders,  etc.,  very  little  diificulty 
should  be  experienced  in  standardizing  the  parts,  and  the 
standardizing  system  is  applicable  to  a  great  number  of  other 
materials  in  general  use  about  a  colliery. 

There  are  manj'  other  matters  in  connection  with  the  interest- 
ing subject  of  the  erection  of  new  plants  which  will  be  erected 
in  the  next  20  years,  upon  which,  did  time  permit,  I  should  have 
liked  to  have  touched  :  but  I  have  no  wish  to  weary  the  members. 
I  trust  that  those  matters  with  which  I  have  been  able  to  deal 
only  in  general  terms  may  not  have  been  without  interest  to  the 
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members  ;  that  tliey  may  be  the  means  of  leading  to  the  read- 
ing of  papers  on  some  of  the  subjects  to  which  I  have  referred; 
and  that  interesting  and  instructive  discussions  may  be  thereby 
encouraged  and  stimuh^ted.  I  have  no  hesitation  in  stating  that 
the  Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers 
includes  among  its  members  as  many  clever  practical  engineers 
as  can  be  found  in  either  this  or  any  other  country,  and  that  if 
conditions  and  opportunities  are  afforded  to  them  for  the  exercise 
of  their  practical  knowledge  they  are  bound  to  come  out  at  the 
top  of  the  tree. 

I  trust  that  any  members  who  have  any  machinery  of  general 
interest  working  at  their  collieries,  will  bring  it  before  the  notice 
of  the  members  in  the  form  of  a  paper,  so  that  we  may  be  enabled 
to  meet  together  frequently  for  the  interchange  of  ideas  and 
friendly  discussion  thereon,  and  that  all  may  thereby  mutually 
benefit  from  each  other's  experience. 


Mr.  John  Gerraed  proposed  a  vote  of  thanks  to  Mr.  Nash  for 
his  address.  He  had  heard  it  read  with  great  pleasure,  and  he 
hoped  that  Mr.  Xash  would  have  a  very  happy  and  successful 
year  of  office,  coupled  with  plenty  of  papers  and  long  and  interest- 
ing discussions. 

Mr.  H.  St.  J.  DrRXFORD  seconded  the  resolution,  which  was 
carried  unanimously. 

DISCUSSION  OF   MR.    THOMAS   MOODIE'S   PAPER   ON 

"THE   WORKING    OF    CONTIGUOFS,    OR    NEARLY 

CONTIGUOUS,  SEAMS  OF  COAL."* 

The  President  (Mr.  H.  B.  Nash)  said  that  when  there  were 

two  nearly  contiguous  seams  of  coal,  which  could  not  be  worked 

together,  if  they  worked  the  top  seam  first  it  made  a  bad  roof. 

and  if  they  worked  the  bottom  seam  first,  they  damaged  the  top 

seam  so  that  it  was  not  worth  working,  unless  it  was  dealt  with 

in  a  very  careful  manner  in  tlio  way  of  packing.     One  point  to  be 

considered  in  working  contiguous  seams,  where  both  are  worth 

working  and  are  of  good  quality,  was  the  length  of  time  that 

♦  Travs.  hut.  M.E.,   1902,  vol.  xxiii.,  page  283  ;  ami  vol.  xxiv.,  page  IIG. 
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sliould  elapse  between  the  working  of  the  one  and  the  working  of 
the  other,  because,  in  taking  out  the  bottom  seam,  the  manner  of 
working  it  would  materially  affect  the  top  one,  in  fact  the  top 
seam  might  prove  unworkable,  if  it  were  crushed  or  broken  by  the 
working  of  the  lower  seam.  But  if  the  top  seam  were  worked 
first,  a  little  in  advance  of  the  lower  seam,  it  might  be  wrought 
economically.  The  angle  of  inclination  was  also  a  factor  in 
determining  the  order  of  Avorking  contiguous  seams. 

Mr.  Gerrakd  asked  whether  there  were  any  cases  in  York- 
shire where  the  top  part  of  a  seam  was  worked  in  advance  of  the 
lower  section. 

The  Presidext  (Mr.  H.  B.  Xash)  stated  that  at  Woolley 
colliery,  it  was  desirable  to  work  the  bottom  seam  first,  and  that 
the  working  of  the  other  should  follow  at  not  too  great  a  distance. 
The  face  in  the  bottom  seam  should  not  be  driven  more  than 
150  feet  in  front  of  the  face  in  the  top  seam. 

Mr.  G.  H.  AsHWiN  said  that  for  twelve  years  he  had  worked 
three  nearly  contiguous  seams.  The  top  seam  (called  the  Two- 
yards)  was  5i  feet  thick ;  there  was  about  3  feet  of  strata  between 
that  and  the  Ryder  seam,  6  feet  thick ;  below  was  abou-t  4  feet  of 
good  coal,  which  they  did  not  get,  except  the  bottom  part  of  it: 
and  below  was  the  Slate  coal,  -ih  feet  thick.  These  seams  lay  at 
angles  varying  from  12  to  17  degrees.  The  seams  Avere  Avorked  on 
the  longwall  system.  The  bottom  seam  was  taken  out  first ;  then 
the  Ryder  seam,  75  feet  behind  ;  and  lastly  the  Two-j-ards  seam, 
45  feet  farther  behind.  At  a  neighbouring  colliery,  an  unsuccess- 
ful attempt  was  made  to  work  the  top  seam  first.  There  were 
three  collieries  in  Yorkshire  working  three  contiguous  seams,  one 
working  four  seams,  and  two  or  three  collieries  were  working  two 
seams.  In  every  instance,  the  lower  seam  was  the  first  one  to 
be  worked. 

Mr.  VT.  H.  Pickering  remembered  a  collierj'  where  two 
seams  were  worked  simultaneously.  The  bottom  seam  was 
the  first  one  to  be  worked,  about  06  feet  in  advance  of  the  work- 
ings in  the  top  seam. 
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DISCUSSION  OF  ME.  W.  E.  GARFORTH'S  PAPER  ON 
'•  THE  APPLICATION  OF  COAL-CUTTING  MACHINES 
TO  DEEP  MINING."* 

Mr.  G.  Blake  AValker  said  that  coal-cutting  in  the  Florence 
colliery,  North  Staffordshire,  in  a  seam  about  1,800  feet  deep  and 
5  or  6  feet  thick  was  successful.  The  pressure  was  exceed- 
ingly great,  when  the  coal  was  worked  in  the  ordinary  way.  The 
timber  snapped  frequently,  and  the  coal  was  very  small  when 
worked  by  hand-labour  ;  whereas,  with  the  rapid  movement  of  the 
machine-face,  much  larger  coal  was  obtained,  and  the  timber  did 
not  break  to  anything  like  the  same  extent.  At  the  adjoining 
Fenton  colliery,  two  coal-cutting  machines  were  doing  efficient 
work  at  a  great  depth.  His  own  experience  with  regard  to 
using  coal-cutting  machines  at  great  depths  had  been  rather  in 
the  contrary  direction.  In  the  Whinmoor  seam,  where  he  was 
working  coal-cutters,  he  now  used  only  one  machine,  probably 
because  it  was  not  worth  the  trouble  and  expense  of  taking  in 
another  coal-cutting  machine.  The  coal  was  tender  at  great 
depths,  and  very  much  more  likely  to  break  than  where  the 
weight  was  less. 

Mr.  H.  St.  J.  Durnford  stated  that  his  experiments  with 
coal-cutting  machines  in  the  Silkstone  seam  had  been  more  or 
less  a  failure.  He  commenced  with  a  machine  driven  by  an 
electric  motor,  and  holed  to  a  depth  of  4^  feet,  but  it  never 
managed  to  hole  more  than  90  feet  in  a  shift.  He  then  tried  a 
large  wheel,  to  hole  to  a  depth  of  5^  feet,  driven  bj^  a  larger  motor, 
making  the  cutting-wheel  run  about  60  revolutions  per  minute. 
The  holing  was  made  in  hard  coal,  he  had  seen  a  continuous  flow 
of  flame  from  the  rim  of  the  cutting-wheel,  eventually  there  was 
a  small  explosion,  and  the  use  of  the  machine  Avas  forthwith  dis- 
continued. He  had  not  the  slightest  doubt  that  this  explosion 
was  caused  by  coal-dust  (as  there  was  no  gas)  ignited  by  the 
sparks  produced  by  the  great  speed  of  the  cutting-wheel.  In 
their  seam,  1,800  feet  deep,  the  roof  was  not  particularly  good, 
and  the  floor  was  decidedly  bad;  but  there  was  no  particular 
reason  why  he  should  not  try  again.  He  did  not  think  that, 
in  a  seam  of  coal  where  the  getting  price  was  Is.  9d.  per  ton,  there 
was  much  profit  to  be  gained  by  getting  coal  by  machinery,  but 

*   Tram.  Imt.  M.E.,  1902,  vol.  xxiii.,  page  31 '2. 
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tliere  was  undoubtedly  a  large  gain  in  the  percentage  of  round 
coal.  The  coal-cutters  in  the  Warrenhouse  seam  were  cutting 
150  to  180  feet  in  a  shift  without  difficulty. 

Mr.  J.  Gerhard  asked  whether  the  sparks  proceeded  from  the 
cutting-wheel  or  from  the  electric  motor. 

Mr.  St.  J.  DrnxFORD  replied  that  there  was  a  continuous 
stream  of  sparks  from  the  rim  of  the  cutting-wheel. 

Mr.  C.  Sxow  said  that  he  had  only  had  experience  of  one 
machine  working  in  a  seam  1,620  feet  deep,  7  feet  thick,  with  a 
bound  roof.  When  getting  the  coal  by  hand,  the  roof  was  so 
good  that,  excepting  for  the  requirements  of  the  Coal-mines 
Regulation  Act,  no  props  Avould  have  been  set ;  there  were  no 
breaks  in  the  roof.  So  soon  as  the  machine  began  to  work,  the 
roof  began  to  break,  and  he  asked  whether  that  was  due  to  the 
more  rapid  advance  of  the  working-face.  Eventually  the  coal- 
cutting  machine  broke  down,  and  they  reverted  to  hand-cutting ; 
and  they  had  not  been  at  work  a  month,  before  the  old  conditions 
of  roof  again  prevailed.  The  machine  was  repaired,  and  on 
resuming  work,  the  roof  was  again  broken. 

The  further  discussion  was  adjoiarned. 
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MIDLAND  INSTITUTE  OF  MIXING,  CIVIL  AND 
MECHANICAL  ENGINEERS. 


GENERAL    MEKTING, 
Held   at   the   Arcade   Hall,    Baknsley,    Jantaky   17th,    1903. 


Mr.  H.  B.  NASH,  President,  in  the  Chair. 


The  minutes  of  the  previous  General  Meeting  were  read  and 
confirmed. 


The  following  gentlemen  ^^ere  elected,  having  been  previously 
nominated :  — 

Members  - 
Mr.    Frank  Eckersley,   Assistant  Manager,    Sharlston    Collieries,    Queen  s 

Villas,  Crofton,  near  Wakefield. 
Mr.  Joseph  Middleton    Gardner,    Mechanical    Engineer,    Houghton    Main 

Colliery,  Barnsley. 
Mr.   Ernest  F.   1).   Mosky,    Surveyor,   Houghton    Main    Colliery,    13,   Cliffe 

Road,  Darfield,  Barnslej-. 
Mr.     William    Edmund    Shklley,     Civil     Engineer,    3,    Godstone     Road, 

Rotherham. 
Mr.  George  R.  Thompson,  Professor  of  Mining,  Yorkshire  College,  Leeds. 

Associate  Members — 
Mr.  Alfred  Lucas,  Electrical  Engineer,  Sheffield. 
Mr.  R.  C  Tasker,  Electrical  Engineer,  Brocco  Bank,  Sheflfield. 

Associate— 
Mr.  Herbert  Crowther,  Enginewright,  Illsecar  Collieries,  near  Barnsley. 

Students  — 
Mr.  William  Dallas,  10,  Wharuclitfe  Road,  Broomhall  Park,  Shetiield. 
Mr.  Andrew  Jackson,  Jun  ,  Howley  Park  Colliery,  Batley. 


DISCUSSION   OF   MR.   THOMAS   MOODIE'S   PAPER    ON 
"THE   WORKING   OF    CONTIGUOUS,   OR    NEARLY 
CONTIGUOUS,  SEAMS  OF  COAL."* 
Mr.  M.  H.  Habershox  said  that  when  the  Black  Mine  iron- 
stone was  worked  in  South  Yorkshire  over  twenty-five  years  ago, 
a  seam  of  coal  about  3  feet  thick,  lying  immediately  over  the  iron- 

•  Tran.--.  Imt.   M.E.,   1902,  vol.  xxiii.,  page  282;  and  vol.  xxiv,  pages  116, 
199  and  205. 
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stone,  was  also  worked.  The  ironstone  was  worked  on  the  long- 
wall  system,  and  the  coal  was  worked  after  a  lapse  of  from  twelve 
to  eighteen  months.  The  gate-roads  used  for  the  ironstone  were 
also  used  for  the  coal ;  and  it  had  been  found  an  important  matter 
to  provide  packing  for  the  lower  seam  in  the  first  working.  Of 
course,  in  working  an  ironstone  which  lay  in  the  form  of  nodules 
and  bands,  a  very  large  quantity  of  shale  was  turned  over,  probably 
40  per  cent,  of  the  volume,  and  it  was  iised  to  pack  the  goaf. 
It  was  essential  in  the  working  of  two  contiguous  seams  of  coal 
that  the  goaf  should  be  packed  in  the  first  working,  or  the  upper 
seam  would  be  afterwards  got  at  great  disadvantage. 

Mr.  J.  R.  WiLKixsox  said  it  was  only  fair  that  he  should  state 
that  he  knew  nothing  whatever  about  the  seams  of  coal  to  which 
the  paper  under  discussion  referred.  Judging,  however,  from 
such  experience  as  he  had  had,  his  impressions  were  that  the  con- 
ditions varied  so  much,  and,  at  times,  within  such  small  areas, 
that,  for  anj^one  to  attempt  to  lay  doAvn  a  hard-and-fast  rule  as 
being  the  best  mode  of  procedure  for  that  kind  of  work,  without 
first  being  fully  acquainted  with  all  the  circumstances,  would  be 
presumptuous.  There  were  certain  thicknesses  of  intervening 
strata,  which  would  cause  serious  inconvenience  in  working  two 
contiguous  seams,  and  he  would  like  to  know  what  that  thickness 
was.  In  his  opinion,  it  was  most  difficult  for  some  distance  prior 
to  that  thickness  being  reached,  at  which  it  was  necessary  to  dis- 
continue the  single  working,  and  to  work  the  two  seams 
separately ;  there  were  many  different  partings ;  and  difficulties 
arose  at  various  points,  according  to  their  nature  and  thickness. 
Another  important  c^uestion  was  the  system  of  working,  and 
whether  longwall,  pillar-and-stall,  or  some  modification  of  these 
systems  should  be  adopted  would  depend  entirely  on  the  con- 
ditions of  the  seams.  In  his  experience,  longwall  was  the  best 
system,  if  the  roof  and  other  circumstances  would  allow  it.  The 
question  as  to  which  seam  should  be  worked  first  was  important, 
and  difficult  of  decision.  There  were  conditions  under  which  it 
would  be  necessary  to  work  either  of  the  seams  first.  If  both  the 
coals  were  of  the  same  market-value,  and  there  happened  to  be  the 
same  demand  for  one  as  for  the  other,  then  the  manager  might  be 
left  to  his  own  discretion.  But  if  one  seam  was  more  valuable 
than  the  other,  then  that  coal  must  be  got  whether  it  be  the  top  or 
the  bottom  seam.     Another  important  question  was  whether  the 
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seams  were  wet  or  dry.  If  there  was  any  water,  especiallj^  in  dip- 
workings,  it  would  seem  inadvisable  to  extract  the  upper  seam 
first,  because,  in  that  case,  the  intervening  strata  would  become 
wet  and  soft,  and  the  expense  of  working  the  second  seam  would 
be  considerably  increased.  Under  ordinary  circumstances,  it 
would  be  desirable  to  extract  the  bottom  seam  first,  if  the  mine 
were  dry  and  the  seam  was  of  such  a  thickness  that  it  could  be 
thoroughlj''  packed.  The  packing  of  the  lower  seam  was  an 
important  factor  in  the  successful  working  of  contiguous  seams. 
The  prevailing  idea  was,  that  when  one  seam  was  taken  away, 
a  certain  time  should  be  allowed  to  elapse  before  taking  out  the 
second  seam,  in  order  to  allow  the  goaf  or  superincumbent  strata 
to  become  thoroughly  settled  before  proceeding  with  the  working 
of  the  other  seam.  If  the  upper  seam  were  of  a  tender  nature,  so 
long  as  it  was  left  and  the  bottom  seam  was  taken  out  first,  in  his 
opinion  a  sort  of  disintegrating  process  would  ensue^ — not  a  process 
of  days  or  months,  but  extending  over  years,  and  the  longer  the 
top  seam  was  allowed  to  remain  unwrought,  the  more  it  would  be 
damaged  when  the  time  came  for  it  to  be  worked.  If  the  toji  seam 
was  extracted  first,  then  the  longer  the  lower  coal  was  allowed  to 
remain  the  worse  it  would  be  to  get,  and  in  addition  to  an 
enhanced  price  for  getting,  the  quality  of  the  coal  would  be 
deteriorated.  He  thought  that  there  was  nothing  better  for  the 
protection  of  the  upper  seam  than  solid  gobbing,  if  that  could  be 
carried  out ;  but  if  the  seam  was  thick,  the  next  best  thing  he 
thought  was  some  system  of  chequered  packing,  that  is,  building 
packwalls,  6  or  8  feet  thick,  and  crossing  them  every  two  or  three 
packs. 

Mr.  I.  Hodges  said  that,  when  contiguous  seams  had  been 
worked  in  West  Yorkshire,  it  had  generally  been  the  seams  that 
were  most  marketable  that  had  been  worked  first,  irrespective  of 
engineering  conditions.  Personall}*,  he  thought  that  the  lower 
seam,  unless  there  was  some  strong  reason  for  the  contrary,  should 
be  worked  first,  but  everything  reallj'  depended  on  the  com- 
mercial department,  who  gave  the  mining-engineer  instructions 
that  a  certain  tonnage  had  to  be  worked  from  certain  seams. 
The  mining-engineer  should  endeavour  to  prevent  his  successor 
suffering  more  than  was  absolutely  necessary,  by  the  seams 
being  worked  out  of  their  proper  order ;  and  for  this  purpose,  the 
seam  should  be  worked  by  longwall,  and  the  goafs  should  be  well 
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packed.  For  instance,  in  the  West  Riding,  tlie  Shale  coal-seam, 
2  to  3  feet  thick,  overlying  the  Stanley  Main  seam  at  a  distance 
of  40  to  60  feet,  had  been  rendered  much  more  difficult  to  work  by 
the  Stanley  Main  seam,  7  feet  thick,  having  been  previously 
worked  by  pillar-and-stall  methods.  In  using  coal-cutting 
machinery  in  the  Shale  coal-seam,  difficulties  were  occasioned 
by  the  breaks  running  upward  from  the  pillars  in  the  Stanley 
Main  seam,  and  also  from  the  unequal  gradients  in  the  working- 
faces  produced  bj'  these  pillars.  These  occasionally  had  seriously 
prejudiced  the  working  of  the  Shale  coal-seam,  and  in  some  cases 
had  led  to  its  abandonment. 

Mr.  Richard  Sutcliffe  said  that  he  had  come  to  the  con- 
clusion that  they  must  work  every  seam  according  to  its  surround- 
ings and  on  its  own  merits.  There  might,  for  instance,  be  a  strong 
roof  on  the  bottom  seam  and  a  tender  roof  on  the  top  seam ;  and 
in  that  case,  if  the  seams  were  very  near  together,  they  would 
think  seriously  before  extracting  the  bottom  seam  first.  Some- 
times it  was  of  great  benefit,  when  two  seams  were  being  worked 
one  over  the  other,  to  work  the  lower  seam  first,  as  in  the  Park- 
gate  seam  at  High  Hoyland  colliery,  some  years  ago  :  there  was 
about  4  feet  of  bind,  and  the  lower  seam  was  first  work'ed,  because 
the  top  seam  took  very  little  getting,  and  the  roof  was  able  to  bear 
it.  The  subject  was  one  which  would  bear  ample  discussion,  but 
it  was  undesirable  to  teach  the  young  members  the  erroneous 
idea  that  there  could  be  any  fixed  rule  for  working  contiguous 
seams,  as  each  case  must  be  decided  upon  its  merits  and  sur- 
roundings. 

The  President  (Mr.  H.  B.  Xash)  thought  that  not  much  would 
be  gained  by  working  the  top  seam  first,  unless  the  roof  was  so 
bad  that  they  could  not  successfully  work  the  top  seam  after  the 
bottom  one  had  been  gotten.  If  the  commercial  man  could  not 
sell  the  bottom  seam,  and  could  sell  the  top  seam,  then  the  mining- 
engineer  must  get  the  top  seam  ;  but  in  the  long  run  the  bottom 
seam  would  be  seriously  depreciated,  and  the  nature  would  be  gone 
out  of  it  through  the  exudation  of  gases,  rendering  it  tough  and 
woody  to  get  and  thereby  increasing  the  cost  of  working. 

The  discussion  was  closed. 
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DISCUSSION  OF  MR.  CLARENCE  R.  CLAGHORN'S  PAPER 
ON  THE    •  CAMPBELL  COAL-WASHING  TABLE."* 

The  President  (Mr.  H.  B.  Nash)  said  that  the  principle  of  the 
Campbell  washer  was  almost  identical  with  the  Craig  table,  which 
had  been  recently  described  by  Mr.  W.  Scott.t  Both  of  them, 
when  used  singly,  were  unable  to  deal  with  large  quantities,  but 
the  difficulties  of  construction  were  so  small  that  a  number  of 
them  could  be  erected  for  very  little  money,  and  a  fairly  large 
output  could  then  be  treated.  It  seemed  to  him,  where  they 
desired  simply  to  wash  the  small  coal,  and  that  not  in  large 
quantities,  that  the  Campbell  washer  was  a  cheap  system  and  the 
cost  of  repairs  was  low.  Washing  was  one  of  the  things  which 
was  becoming  essential  to  the  working  of  seams  that  were  not 
of  so  good  a  quality  as  the  Bamsley  and  Silkstone  seams — the 
staple  seams  of  the  district — and  therefore  they  would  have  to 
devote  attention  to  the  washing  of  small  coal.  Large  washing- 
plants  were  in  operation  where  larger  quantities  of  coal  had  to  be 
treated.  At  many  collieries,  having  an  output  of  400  or  500  tons 
per  day,  they  could  not  afford  to  erect  a  washer  costing  £10,000 
or  £20,000,  but  they  could  spend  £2,000  on  a  Craig  or  Campbell 
washing-plant  for  dealing  with  150  to  200  tons  of  small  coal  per 
day. 

The  further  discussion  was  adjourned. 


*  Trann.  In.'ti.  M.E.,   1902,  vol.  xxiii.,  page  435. 
t  Ibid.,  1902,  vol.  xxiii.,  page  179. 
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THE  MIDLAND  COUNTIES  IXSTITUTIOX  OF  EXGIX- 
EERS  AXD  THE  MIDLAND  IXSTITI'TE  OF  MIXING, 
CIVIL  AXD  MECHANICAL  ENGINEERS. 


JOINT  GENERAL  MEETING, 

Held   at   tiik    Royal  Victoria   Station    Hotei,,    Sheffield, 

April  ■25th,  1903. 


Mr.  H.  a  NASH,  in  the  Chair. 


The   lullowiug-   o-entlenien   were   elected   td   the    Midland   In- 
stitute of  Miniuo',  Civil  and  Mechanical  Eng-ineprs,  having  been 
previously  nominated:  — 
Members  — 
Mr.  John  Sh.wv  Barnes,  Engineer,  427,  Warrington  Road,  Al)rain,  Wigan. 
Mr.  Harry  W.  .\1acrone,  Mining  Engineer,  16,  Bank  .*^treet,  Sheffield. 
Mr.    Alfred  James  Routledge,    Mechanical    Engineer,    Regnald    Cottage, 

Denby  Station,  near  Derby. 
Mr.  John  Whittox,    Mechanical   Engineer,  Linden   Villa,   ^^'est   eld,   Wake- 
field. 

Students  — 
Mr.  Ger.^ld  Bagley,  Mining  Student,  8,  Alexandra  Crescent,  Ilkley. 
Mr.  Ronald  Lewis,  Mining  Apprentice,   Glass  Houghton   Collieries,  Castle- 
ford. 
Mr.  William   Ainswcirth   Wood,    Mining  Apprentice,   Purston    Hall,   near 
Pontefract. 


DISCUSSION  OF  MR.  AY.  E.  GARFORTH'S  PAPER  ON 
"  THE  APPLICATION  OF  COAL-CFTTING  MACHINES 
TO  DEEP  MINING.** 

Mr.  ^y.  E.  Gaei'ORTH  said  that  Mr.  J.  T.  Todd  Jiad  drawn 
attention  to  several  points. +  The  first  was  about  the  thickness  of 
tlie  holing,  a  difficulty  being  found  in  breaking  up  the  coal  where 
ihe  excavation  made  by  the  machine  was  only  5  inches  high.  He 
wished  to  explain  that  in  one  seam,  where  they  had  a  difficulty 

*  Trans.  Imt.  M.E.,  li:t02,  vol.  xxiii.,  pages  8 1 2  and  .340;  and  1902,  vol. 
xxiv.,  pages  201  and  260. 

t  Il.id.,   1902,  vol.  xxiv..  page  260. 
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with  the  thickness  of  the  cut,  they  had  increased  it  to  8  or  9  inches, 
by  cutting-  under  the  dirt  and  leaving  a  kind  of  pancake.  There 
was  a  lower  seam  of  coal  which  formed  a  kind  of  bench,  so  that, 
althoug-h  there  was  an  extra  quantity  of  dirt  for  the  machine 
to  cut.  or  _^rind  up,  this  fell  away  upon  the  bench  and  was  not 
again  carried  in  by  the  wheel.  They  had  had  some  difficulty, 
during  the  last  few  months,  in  working  the  Silkstone  seam  by 
advancing  longwall  or  longwall  pack-gate.  The  information 
that  he  (Mr.  Garforth)  had  given  in  his  paper  was  piinripally 
based  on  retreating  longwall-faces,  which  they  had  to  partly 
abandon  in  favour  of  advancing  longwall.  Mr.  Todd  also  referred 
to  the  extra  amount  of  shot-firing  required,  and  he  agreed  to  a 
certain  extent  with  him.  When  the  men  commenced  to  get  the 
coal  by  retreating  longwall,  they  were  forced  by  the  otticials  to 
carry  out  many  little  details  that  were  now  neglected.  At  first, 
36  or  37  shots  were  fired  over  a  face  1,800  feet  long,  and  these  were 
reduced,  when  the  depth  of  holing  was  increased  to  5  feet,  to  about 
17  or  18  shots;  and  when  the  depth  of  holing  was  increased  to  bh 
feet,  the  shots  were  reduced  to  5  or  6  per  day.  ISow,  with  advanc- 
ing longwall,  breaking-in  shots  were  required,  and  the  men  were 
using  a  very  large  number  of  "  pop-shots,"  which  contained  about 
2  ounces  of  explosive.  The  ventilation  on  the  coal-cutting  faces 
had  been  largely  increased. 

In  reply  to  the  question  which  had  often  been  asked  as  to  the 
proportion  of  small  coal,  he  might  explain  that  on  a  particular 
day  a  certain  quantity,  afterwards  reduced  to  1,000  tons,  was  piit 
over  the  screens,  and  sent  out  to  ciistomers.  The  best  coal, 
cobbles,  nuts,  down  to  the  smallest  coal  mined  by  machine,  realized 
i;31  more  than  the  same  quantity  got  by  hand,  or  7'44d.  per  ton  of 
enhanced  selling-price. 

With  further  reference  to  Mr.  Todd's  remarks,  it  would  be 
remembered  that  his  (Mr.  Garforth's)  paper  was  on  the  applica- 
tion of  coal-cutting  machinery  to  deep  mining,  and  he  tried  to 
show  that  in  the  future,  when  they  were  working  seams  at  the 
same  depth  as  the  Xew  Moss  or  Pendleton  mines,  say,  3,000  or 
3,500  feet  deep,  the  coal-face  would  have  to  advance  much  more 
quickly,  so  as  to  save  the  coal  from  the  crushing  effect  of  the 
superincumbent  weight.  He  had,  therefore,  assumed  that  a  face 
1,100  feet  long,  multiplied  by  16  feet,  would  produce  the  same 
M  eight  of  coal  as  a  face  3,000  feet  long  multiplied  by  the  usual 
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advance  of  G  feet.*  The  members  mio-ht  assume  that  the  o-ate- 
ways  were  60  feet  apart,  and  that  a  man  and  his  filler  would  work 
30  feet  on  either  side  of  the  gateway,  and  produce  10  Ions  ])er 
shift;  for  1,100  feet  of  face,  that  mine  could  produce  in  the  morn- 
ing shift  1,800  tons  per  week,  and  700  tons  during  the  afternoon 
and  night  shift.  At  another  colliery  working  coal-cutters  in  a 
face  645  feet  long,  1,500  tons  were  produced  per  week,  and  this 
amply  justified  his  statement  that  2,500  tons  per  week  could  be 
got  from  1,080  feet  of  face. 

With  respect  to  the  cost  of  plant,  coal-cutters,  pijjos,  repairs, 
depreciation,  redemption  of  capital,  etc.,  everything  had  been  paid 
out  of  revenue  :  that  is,  at  the  end  of  each  year,  they  had  been 
able,  at  the  Altofts  collieries,- to  pay  for  everything  that  had  been 
l)ought,  out  of  the  profits  made  from  machine-cutting.  The 
recent  actual  underground  costs  had  fully  confirmed  the  state- 
ments made  in  his  paper. 

With  regard  to  motive  power,  Mr.  J.  T.  Todd  had  expressed 
the  opinion  that  electricity  was  more  economical  than  compressed 
air,  but  as  that  question  was  the  subject  of  an  encj[uiry  by  a  Depart- 
mental committee  appointed  by  the  Home  Secretary,  and  as  he 
had  been  asked  to  give  evidence,  he  thought  it  better  to  say  nothing 
on  that  occasion.  About  4-2-  years  ago,  he  erected  an  instalhition 
on  the  poWphase  system  :  the  machine  m,ade  a  cut  7  feet  deep  on  a 
coal-face  about  1,500  feet  long,  and  the  heipht  of  the  cut  varied 
between  9  and  10  inches.  They  had  no  trouble  with  the  generator, 
etc.  A  three-cored  cable  insulated  with  bitumen  was  used  on 
account  of  the  damp  roadways. 

Mr.  W.  Price  Abell  (Duifield)  said  that,  about  three  j^ears 
ago,  when  considering  Mr.  Garforth's  scheme  to  reduce  the  loss 
accruing  from  transmitting  compressed  air  over  long  distances 
to  the  coal-cutter,  he,  with  Mr.  Garforth,  went  into  the  question 
of  driving  the  air-compressor  by  an  electxic  motor  near  the  coal- 
face, thus  reducing  the  loss  between  it  and  the  coal-cutter.  Then, 
mainly  owing  to  the  slow  speed  at  which  recognized  makes  of  air- 
compressors  ran,  the  installation  worked  out  too  clumsy  and  large. 
However,  to-day,  owing  to  the  adoption  of  mechanically-moved 
valves  there  are  recognized  makes  of  air-compressors  giving  the 
required  quantity  of  air  at  150  or  even  more  revolutions  per 
*   Tran-.  ln.-<t.  M.E.,  1902,  vol.  xxiii.,  page  343,  aiul  Fig.  21,  Plate  XXI. 
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iiiiniite,  witli  tlie  result  that  on  reconsidering  the  scheme  more 
than  one  large  undertaking  considers  the  financial  advantages  so 
favourable  as  to  warrant  the  adoption  of  an  electrically-driven  air- 
compressor  placed  near  the  working-face,  to  supply  compressed 
air  to  drive  the  drills  and  cutters.  In  making  this  statement,  he 
(Mr.  Abell)  particularly  desired  to  draw  attention  to  the  important 
fact  bearing  on  this  conclusion,  that,  at  the  present  time,  there  is 
no  reliable  electric  drill.  AYith  regard  to  the  relative  danger  of 
polyphase  and  direct  currents,  this  is  still  an  open  question,  arising- 
mainly  from  the  fact  that  the  voltage  of  the  peak  of  an  alternating- 
current,  though  higher  than  the  voltage  of  a  direct  current, 
possesses  the  advantage  of  repelling  personal  contact;  and  it 
is  this  fact,  of  not  holding  and  retaining  its  victim  within  its  grip, 
that  still  leaves  the  intermittent,  higher  voltage,  alternating  or 
polyphase  current  of  possibly  no  greater  danger  than  the  direct 
current,  of  voltage  equal  to  the  polyphase  average. 

Mr.  A.  H.  Stokes  (H.M.  Inspector  of  Mines,  Derby)  said  that 
one  difficulty  with  regard  to  coal-cutters  was  that,  when  the  hol- 
ing-sprags  were  taken  out,  the  coal  fell  on  to  a  pillow  of  dirt  (which 
the  cutters  did  not  remove)  and  in  one  large  lump,  so  that  a  great 
amount  of  labour  was  expended  in  breaking  it  up  and  making  it 
into  saleable  coal.  He  advised  that  the  cutters  of  every  machine 
should  clear  out  the  holing-dirt.  and  leave  the  holing  clean  for  the 
coal. 

Mr.  IsA.AC  Hodges  (AVhitwood  Collieries)  said  he  found  that 
increasing  the  height  of  the  holing  from  5  to  7  inches,  although 
it  did  break  the  coal  a  little  more,  did  not  give  a  sufficient  amount 
oi  breakage  to  enable  it  to  be  loaded  into  the  coal-tub.  At  the 
AVhitwood  collieries,  in  a  seam  similar  to  that  mentioned  by  Mr. 
W.  E.  Grarforth,  he  was  quite  satisfied  with  what  had  been  done  : 
the  cost  had  been  less  than  anticipated,  thej'  had  less  trouble  and 
less  labour,  and  had  not  had  a  breakdown.  They  obtained  on  the 
average  1,200  tons  per  week  with  a  single  cutter  working  in  this 
seam,  4  feet  3  inches  thick.  But  he  had  the  startling  fact  to  dis- 
close that  shot-firing  had  increased  in  a  most  phenomenal  manner  : 
in  a  seam  where  they  had  no  shot-firing  when  hand-holing  they 
now  had  a  shot  fired  for  every  30  tons,  and  although  the  thickness 
of  the  holing  had  been  increased  from  5  to  7  inches,  it  had  not 
greatly  affected  the  question,  and,  as  Mr.  Stokes  had  stated,  the 
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dirt  iu  a  way  cushioned  the  fall.  In  hand-holing,  it  was  not 
unusual  to  take  out  2  feet  (i  inches  of  holing-dirt  to  a  depth  of 
9  or  10  feet :  the  coal  then  had  a  considerable  fall,  and  it  explained 
the  non-necessity  for  shot-tiring-.  He  disliked  shot-firing 
in  mines,  and  did  all  that  he  could  to  diniinish  it,  but  lu"  now 
found  that  by  introducing  coal-cutteis  instead  of ,  diminishing 
shot-firing  he  had  verj'  largelj-  added  to  it.  The  shots  were  greater 
iu  number  than  they  were  serious  in  point  of  the  quantity  of 
explosive  used.  They  were  "pop-shots,"  put  in  for  the  purpose 
of  reducing  labour.  Unlike  Mr.  Garforth,  he  had  not  found  the 
coal-cutter  able  to  pay  all  costs  oiit  of  revenue,  nor  had  he  found 
it  able  to  make  large  profits;  but  he  believed  that  the  profits 
were  not  made  so  much  out  of  the  reduction  of  labour  in  the  pit, 
as  out  of  the  increased  value  of  the  coal  produced  on  the  siirface. 

Mr.  M.  H.  Haisershox  (Sheffield)  said  that  he  had  found  some 
ditficulty  when  cutting  at  the  iloor-level  in  getting  the  dirt  out 
of  the  holing,  and  unless  it  was  removed,  it  prevented  the  coal 
from  breaking  down  properly  :  and  he  thought  it  was  a  point  in 
which  manufacturers  of  coal-cutting  machines  should  try  to  effect 
some  improvement. 

Mr.  AV.  H.  PiCKEEixt;  (H.M.  Inspector  of  Mines,  Doncaster) 
said  it  was  somewhat  disquieting  to  hear  that  more  shot-firing 
was  necessary,  for  there  was  quite  as  much  danger  ui  firing  "  pop- 
shots  "  as  there  was  with  large  ones.  They  were  put  into  the  coal 
after  it  had  fallen  and  was  probably  cracked  to  a  certain  extent. 
Sometimes  a  shot  would  spread  into  a  crack,  and  with  the  modern 
high  explosive,  this  was  a  danger.  It  had  been  hoped  that  coal- 
cutting  machinery  would  have  lessened  the  dangers  of  colliery- 
working.  He  thought  that  it  would  undoubtedly  do  so  in  the  case 
of  falls  of  roof,  and  it  would  be  a  great  pity  if  they  had  simply 
transferred  the  danger  to  another  cause.  There  was  the  danger 
of  electricity,  but  at  many  collieries  in  Yorkshire  compressed  air 
was  used,  so  there  that  danger  did  not  obtain :  but  shot-firing 
was  most  important,  because  the  shots  would  have  to  be  fired  when 
the  men  were  in  the  pit.  while  the  coal  was  being  got. 

Mr.  Isaac  Hodges  said  that  he  had  expected  to  see  some 
development  in  wedging,  which  would  minimize  or  prevent  shot- 
firino-,  but  in  his  communications  with  manufacturers  thej-  frankly 
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admit  led  that  they  had  no  possible  chance  of  competing  against 
the  cost  of  explosives. 

Mr.  AV.  E.  Garfoeth  said  that  he  agreed  with  Mr.  Hodges, 
but  Avished  the  members  to  understand  that  the  statement  which 
he  made,  some  time  ago,  as  to  the  number  of  shots  being  reduced 
fi'om  -M  down  to  -3  or  6  per  day  was  quite  true,  on  the  retreating 
face.  Unfortunately,  the  men  were  not  carrying  out  the  system  as 
well  as  they  did  some  3"ears  ago,  and  were  taking  advantage  in 
little  things.  Efforts  were  being  made,  however,  to  reduce  tbe 
number  of  shots,  and  he  quite  appreciated  what  Mr  Pickering  had 
said. 

DISCUSSIO^^  OF  ME.  J.  H.  WHITTAKER'S  PAPER  OX 
•'SPAEKLESS  ELECTRIC  PLAXT  FOR  USE  IX 
MIXES  AXD  IROXWORKS,"*  AXD  OF  MR.  SYDXEY 
F.  WALKER'S  PAPER  OX  '  ALTERXATIXG  CUR- 
REXTS,"  ETC.t 

The  Chairman  (Mr.  H.  B.  Xash)  said  the  great  danger  one 
feared  or  liad  feared  was  that,  unless  the  cables  were  thoroughlj- 
well  insulated,  a  pony-lad,  trying  what  he  could  do,  would  get  a 
shock  which  would  end  his  existence.  If  they  could  carry  high- 
pressure  currents  without  that  danger,  and  without  the  danger  of 
sparking  at  the  motors,  they  would  be  taking  a  step  in  the  right 
direction  and  bringing  the  application  of  electricity  nicue  into 
the  position  in  Avhich  they  wanted  to  get  it. 

Mr.  A.  LrcAs  said  that  there  was  a  great  tendency  prevalent, 
to  avoid  having  anything  approaching  earth-connections  about 
electric  machinery,  and  by  neglecting  this  safeguard  they  were 
doing  the  very  thing  to  cause  shocks  to  workmen,  and  harbouring 
what  might  become  a  dangerous  plant.  In  his  opinion,  electric 
plant  that  could  not  be  run  safely  with  frames  and  bases  earthed 
was  unsuitable  for  mine-work. 

Mr.  William  Maurice  (Tibshelf)  said  that  the  question  of  the 
relative  safety  of  earthed  and  other  transmission-systems  appeared 
to  him  to  be  somewhat  beside  the  mark.    Systems  were  condemned 

*  Trans.   Inst.  M.E.,   190-2,  vol.  xxiii.,  page  170;  and  1902,  vol.  xxiv.,  page 

t  //-/'/.,  1901,  vol.  xxi.,  page  451  ;  1901,  vol.  xxii.,  page  566  ;  and  1902,  vol. 
xxiv.,  page  489. 
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on  account  of  faulty  applications  of  them.  He  did  not  think 
that  it  was  possible,  at  the  present  day,  for  any  final  statement  to  be 
made  as  to  the  merits  or  demerits  of  any  system,  because  a  very 
large  proportion  of  the  failures  were  traceable  to  neglect  of  the 
essential  conditions  of  safety.  Confusion  appeared  to  exist  at 
times  as  to  what  constituted  an  earthed  system.  Sometimes,  for 
example,  a  single  copper-cable  insulated  and  sheathed  with 
metallic  armouring  was  used  as  a  conductor,  the  sheathing  serv- 
ing as  the  return  wire.  This  would  be  properly  referred  to  as  an 
earthed  return-system.  If,  on  the  other  hand,  an  entirely  in- 
sulated line  were  laid,  and  that  line  for  the  purpose  of  mechanical 
protection  was  covered  with  armouring,  the  latter  metallic  shield- 
ing would  require  to  be  earthed.  The  circuits,  however,  were 
completely-  insulated. 

The  attractive  title  of  Mr.  Whittaker's  paper — "  Sparkless 
Electric  Plant  " — might  lead  one  to  expect  that  at  last  something 
really  safe  had  been  discovered.  There  was  no  electric  mining 
machinery  which  was  sparkless  under  all  conditions.  Mr.  Whit- 
taker  in  stating  that  "  it  is  scarcely  advisable  to  fix  a  continuous- 
current  motor  of  any  kind,  in  a  fiery  mine,"*  would  appear  to  be 
holding  a  brief  for  alternating  machineiy,  although  it  was  well- 
known  that  polyphase  motors  could  and  did  frequently  burn  out. 
References  to  electricity  "  in  a  fiery  mine,"  were  becoming  some- 
what frequent  and  at  first  sight  were  apt  to  scare  people,  but 
since  "  a  fiery  mine  '"  was  not  defined  the  condemnation  of  elec- 
trical plant  was  not  so  sweeping  after  all.  He  (Mr.  Maurice) 
believed  that  electrical  apparatus  was  safe  to  use  in  any  mine, 
where  it  was  otherwise  safe  to  work,  but  he  would  take  special 
precautions  according  to  the  conditions  obtaining  and  would 
restrict  its  application  in  the  case  of  faces  liable  to  sudden  out- 
bursts of  gas.  Mr.  Whittaker  touched  on  an  important  point  in 
his  section  on  coal-cutting.  When  referring  to  safety-fuses,  he 
gave  an  instance  of  the  difficulty  of  efficiently  proportioning  the 
size  of  fuse-wires,  as  a  coal-cutter  would  frequently  take  four  or 
more  times  its  normal  current  for  a  short  period.  A  fuse  should 
blow  on  a  50  per  cent,  overload,  and  would  thus  bring  the  machine 
to  a  standstill.  The  tendency,  in  the  case  of  men  cutting  by  the 
yard,  was  to  stop  such  interruptions  by  the  use  of  thick  wire-fuses, 

*   Tram.  Imt.  M.E.,  1902,  vol.  xxiii.,  page  172. 
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that  was  to  say,  b^'  using  no  fuses  at  all.  His  (Mr.  Maurice's) 
remedy  for  tliis  ditficnlty  was  to  have  at  the  motor-end  of  the  trail- 
ing cable  a  magnetic  cut-out  which  could  not  be  tampered  with, 
and  could  yet  at  any  moment  be  reset  by  the  motor-man  in  charge. 

Mr.  W.  Price  Abell  (Duffield),  speaking  upon  the  necessitj'  for 
meeting  the  varying  demands  on  a  generating-station,  particularly 
when  using  squirrel-caged  motors,  drew  attention  to  the  effective 
Highfield  arrangement,  now  adopted  for  the  varying  work  of 
docks,  etc.  In  this  system  of  high-tension  rotary  transformers  in 
connexion  with  batteries  used  as  a  reservoir,  the  batteries  are 
charged  with  the  minimum  rise  of  voltage  in  the  main  current ; 
in  fact  a  rise  of  2^  volts  sends  the  current  to  the  batteries  ;  and 
a  fall  of  2h  volts  causes  the  batteries  to  assist  the  main  cui-rent : 
thus  in  a  practical  way  avoiding  the  often  prohibitive  variation  of 
voltage  hitherto  necessary  in  the  main  current  before  the  reservoir 
or  battery  comes  into  play.  In  other  words,  it  gives  to  an  installa- 
tion a  reservoir  of  power  in  the  form  of  the  battery  and  booster, 
without  materially  interfering  with  the  strength  of  the  main 
current.  It  thus  increases  the  capacity  and  economy  of  a  generat- 
ing-station that  has  to  deal  with  intermittent  loads,  such  as  start- 
ing a  pump  without  draining  the  discharge-pipe ;  and  this  with- 
out exhausting  the  current,  or  dropping  the  voltage  to  such  an 
extent  as  to  interfere  with  the  regular  working  of  the  other  motors 
or  lights.  This  system  has  apparent  advantages  worth  consider- 
ing for  colliery  generatiug-stations  where  the  demands  on  the 
main  current  vary,  and  will  vary  still  more  as  electric  haulage, 
winding,  and  intermittent  pumping  are  adopted. 

Mr.  J.  Gerrard  (H.M.  Inspector  of  Mines,  Manchester)  said 
he  was  sorry  to  hear  that  there  would  always  be  deaths  from  elec- 
tricity in  mines,  in  the  same  manner  that,  if  a  man  went  before 
a  locomotive  engine,  and  that  engine  ran  over  him,  he  would  be 
killed.  That  was  obvious,  and  electricians  should  make  the 
dangers  of  electricity  equally  obvious  :  probably  some  of  them 
could  be  made  so,  or  at  any  rate  precautions  could  be  taken  so  that 
workers  might  know  that  it  was  dangerous  to  put  their  hands  on 
certain  parts,  or  those  parts  could  be  so  secure<l  that  hands  could 
not  be  put  on  them.  With  regard  to  the  difficulty  of  defining  a  fiery 
mine  :  there  are  many  mines  ventilated  by  mechanical  ventilators, 
lighted  by  the  best  form  of  safety-lamp,  in  which  only  safety 
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explosives  are  used — or  none  at  all,  from  which  matches,  etc.,  are 
rigorously  excluded ;  it  is  only  reasonable  that  the  owners  of 
these  mines  should  seek  to  be  satisfied  that  no  danger  could  arise 
from  the  introduction  of  electricity. 

Mr.  J.  S.  Barxes  said  that  he  would  not  advocate  the  adoption 
of  any  earthing  system. 

The  CiiAiRMAX  (Mr.  H.  B.  Xash)  said  that,  after  having  heard 
such  varied  expressions  of  opinion  from  experts,  they  were  pretty 
much  in  the  same  position  as  before,  so  far  as  knowing  whether 
any  safer  method  had  been  introduced  of  applying  electricity  to 
mining.  Sparkless  electric  plant  was  desirable  so  far  as  the 
plant  itself  was  concerned,  but  the  great  danger  was  in  carrying 
the  power  to  the  point  Avhere  the  machine  was  worked.  That  was 
where  they  wanted  to  be  assured  of  safety ;  if  they  at  any  moment 
were  to  have  falls  of  roof,  with  broken  cables  in  roads  heavily 
timbered  and  fires  or  any  other  danger  from  short  circuits,  he  was 
afraid  that  electricity  underground  would  not  make  that  headway 
which  one  felt  it  ought  to  make  when  its  great  economy  in  working 
was  considered. 
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MECHA^^ICAL  ENGINEERS. 


ANNUAL  GENERAL  MEETING. 
Held  at  the  Queen's  Hotel,  Leeds,  July  11th,  1903. 


Mr.  H.  B.  NASH,- President,  in  the  Chair. 


The  minutes  of  the  previous  General  Meeting  were  read  and 
c'onfirined. 


Mr.  Wm.  Sutton  and  Mr.  John  AVainwright  were  appointed 
scrutineers  of  the  balloting  papers  for  the  election  of  officers, 
and  also  for  representatives  on  the  Council  of  The  Institution, 
of  Mining  Engineers  for  1903-1904. 


The  following  gentlemen  were  elected,  having  been  previ'nisly 
nominated :  — 

Members — 

Mr.  Willia:m  Ackroyd,  Mining  Engineer,  51,  Prudential  Buildings,  Leeds. 
Mr.  John    Denton,    Mining    Engineer,   Montgomery  Chambers,   Hartshead, 

Sheffield. 
Mr.  John  Fairs,  Colliery  Manager,  South  Hiendley  Colliery,  near  Barnsley. 
Mr.  Sidney  Gill,  Colliery  Manager,  Grimethorpe  Colliery,  near  Barnsley. 
Mr.  William    Hallas,    Mechanical    Engineer,    Grimethorpe    Colliery,   near 

Barnsley. 
Mr.  Samuel  Joseph  Raynor,  Assistant  Colliery  Manager,  Sharlston  Collieries, 

Normanton. 
Mr.  Thomas  Wood,  Engineer,  Barley  Brook  Foundry,  Wigan. 


The  Annual  Report  of  the  Council,  and   the   statement  of 
accounts  for  the  past  3'enr  were  read  as  follows :  — 

29 
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THE  COUNCIL'S  ANNUAL  REPORT. 

The  Council  have  pleasure  in  presenting  to  the  members  of 
ihe  Institute  their  report  on  the  work  of  the  past  year. 

The  number  of  members  for  ',l.o  past  two  years  are  as  follows  : 


1901-1902. 

1902-1903 

Members              

256 

258 

Associate  Members 

10 

11 

Associates 

13 

15 

Students 

11 

11 

Totals 

290 

295 

From  this  table,  it  will  be  seen  that  the  membership  has 
increased  by  5  during  the  past  year,  which  is  satisfactory. 

The  Council  regret  to  have  again  to  state  that  there  has  been 
during  the  year  some  irregularity  in  the  payment  of  subscrip- 
tions; but  as  the  arrears  only  amount  to  £15,  due  from 
10  members,  the  Council  do  not  think  that  there  is  much  to  com- 
plain of,  and  only  draw  attention  to  the  fact,  seeing  that  delays 
in  payment  cause  undue  delay  in  the  issue  of  Transactions  to 
members  thus  in  arrear.  Of  the  £24  arrears  of  subscriptions  due 
for  1901-1902,  £10  10s.  have  been  collected  during  the  past 
year. 

i'iiere  is  a  balance  in  the  bank  of  £191  10s.  lid.  ayaiust 
£lSi)  15s.  2d.  at  the  end  of  the  previous  year,  and  all  del) is  liave 
been  paid. 

The  following  papers  have  been  read  during  the  year:-- 

"  Presidential  Address."     By  Mr.  H.  B.  Nash. 

"  Notes  on  .Systematic  Timbering. "     By  Mr.  W.  H.  Pickering. 

Interesting  discussions  have  taken  place  on  several  papers. 

In  connection  with  the  above,  the  Council  most  earnestly 
press  members  to  try  and  make  communications  to  the  meetings 
on  any  subject  or  matter  that  may  occur  to  them  in  the  daily 
management  of  their  collieries  and  works.  There  are  many 
instances  in  which  experience  has  proved  that  a  small  alteration 
made  by  a  member  in  the  machinery,  methods  of  working,  etc., 
has  been  a  success,  but  the  member  thinks  it  too  trivial  to  bring- 
forward.  The  Council,  however,  wish  to  point  out  that  such  is 
not  the  case,  for  discussions  generally  ajise  on  such  alterations, 
which  may  lead  to  further  improvement,  or  form  the  basis  for 
some  member  to  write  a  paper  on. 
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The  Council  have,  as  pointed  out  in  last  year's  report,  aj2:ree(l 
with  the  Midland  Counties  Institution  of  Engineers  to  hold  Joint 
Meetings. 

The  Council  wish  to  put  on  record  that  a  very  successful 
excursion  took  place  to  the  Dusseldorf  Exhibition  and  the  West- 
phalian  collieries,  in  September  last.  This  was  mainly  due  to 
the  great  kindness  shewn  by  the  Exhibition  officials,  colliery- 
owners,  and  mining  engineers,  at  the  various  works  visited.  A 
detailed  report,  drawn  up  by  Messrs.  Xash,  Walker,  Habershon 
and  Wilson,  will  appear  in  due  course  in  the  Transactions. 


Mr.  M.  H.  Habershon  proposed  the  adoption  of  the  repoi-t. 

Mr.   J.   L.    Marshall   seconded   the   resolution,    which   was 
carried  unanimouslv. 
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TRANSACTIONS. 


ELECTIOTs^  OF  OFFICERS,  1903-1904. 
The    ScRUTixEEES    reported    the    result    of    the    ballot,    a 
follows :  — 

Presidknt  : 
Mr.  H.  B.  Nash. 

Vice-presidents  : 
Mr.  J.  R.  Robinson  Wilson.    |    Mr.  M.  H.  Habershon.    |    Mr.  Isaac  Hodges. 

Councillors. 
Mr.  J.  E.  Chambers.  i    Mr.  R.  H.  Longbotham 

Mr.  Thomas  Gill.  Mr.  J.  L.  Marshall. 

Mr.  P.  C.  Greaves.  Mr.  W.  H.  1'ickering. 

Mr.  Walter  Hargreaves.       Mr.  Harry  Rhodes. 


Mr.  Charles  Snow. 
Prof.  G.  R.  Thompson. 
Mr.  W.  Washington. 
Mr.  William  Wilde. 


REPEESENTATIYES  ON  THE  COUNCIL  OF  THE  INSTI- 
TUTION OF  MINING  ENGINEERS,  1903-1904. 


Mr.  W.  H.  Chambers. 
Mr.  W.  E.  Garforth. 


I  Mr.  John  (^errard.    I  Mr.  J.  Nevin. 

I  Mr.  H.  B.  Nash.  I  Mr.  W.  H.  Pickering. 

Mr.  J.  R.  Robinson  Wilson. 


Prof.   Thompson  read  the  following  paper  on   "  The  Trans- 
mission of  Errors  in  Traverse-sui'veying  "  :  — 
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THE  TRAXSMISSIOX  OF  EKRORS  IX  TRAYERSt- 
SURTEYIXG. 


By  Prof.  G.  R.  THOMPSON. 


The  conditions  of  mining  are  such  that  the  mine-surveyor  is 
unable  to  use  the  method  of  triangulation  in  making  his  sniTey  of 
the  underground  workings,  and  is  compelled  to  adopt  some  form 
of  traverse-surv'eying,  though  tor  the  surface  he  has  the  same 
freedom  of  choice  as  the  land-surveyor.  Traverse-surveying  is, 
therefore,  relatively  of  greater  importance  to  the  mine-surveyor 
than  to  others,  and  so  may  fittingly  form  a  subject  for  dis- 
cussion at  our  Institute.  It  is  true  that  the  art  of  surveying 
is  old  and  that  few  new  principles  are  likely  to  be  brought 
forward  in  any  paper  on  the  subject,  but  the  importance  of 
keeping  in  view  the  fact  that  surveying  instruments  are  not 
absolutely  perfect  and  that  surveyors  are  not  infallible,  is 
suificient  justification  for  bringing  forward  the  subject  of  errors. 

Traverse-surveying  as  performed  in  mines  falls  broadly  into 
two  classes  : — (1)  Where  the  bearings  of  the  lines  of  the  traverse 
are  each  determined  independently  of  the  others  by  means 
of  the  magnetic  needle,  where  there  is  no  local  attraction. 
(2)  AVhere  the  bearing  of  each  line  is  used  to  determine  that  of 
every  subsequent  line,  and  the  bearing  of  a  line  consequently 
involves  the  resultant  of  all  the  errors  previously  made.  The 
bearings  in  this  case  are  such  as  are  determined  by  the  magnetic 
needle,  where  there  is  local  attraction,  or  by  the  theodolite  (or 
its  rougher  equivalent,  the  dial  with  vprnier-plate  attached)  in 
its  various  methods  of  use.  In  both  classes,  the  lengths  are 
usually  measured  with  a  steel  chain  or  band. 

Whatever  method  is  used  for  measuring  bearings  (using  the 
term  "  bearing  "  in  a  general  sense  to  signify  the  direction  of  a 
line  relatively  to  some  fixed  direction,  whether  measured  directly 
or  indirectly)  and  lengths,  each  of  them  will  be  subject  to  en-or. 
These  errors  will  depend  on  the  instruments  used  and  the  method 
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of  using  tliein,  on  the  siirvej'or,  and  on  the  nature  of  the  survey. 
For  any  particular  case,  the  surveyor  should  decide  what  the 
total  error  is  likely  to  be,  and  whether  the  system  adopted  gives 
him  sufficient  precision  for  the  Avork  in  hand. 

Let  us  examine  the  effect  of  making  a  small  error  in  the 
bearing  and  length  of  a  given  line,  and  how  similar  errors  made 
in  other  lines  may  be  expected  to  affect  the  final  result  in  a 
traverse :  — 

Firstly,  suppose  a  small  error  be  made  in  measuring  the  bear- 
ing. In  Fig.  1  (Plate  II.)  let  the  arrow  represent  the  meridian- 
line,  and  AB  the  true  bearing  of  a  line  running  in  an  easterly 
direction.  If  a  small  error,  a,  be  made  in  the  measurement  of  the 
bearing,  and  if  no  eiTor  be  made  in  the  length  of  the  line,  AB  will 
come  to  the  position  AB'  or  AB",  according  as  the  bdaxing  was 
measured  too  small  or  too  great.  The  point  B  is  moved  from 
its  true  position  to  a  point  B'  or  B",  at  right  angles  to  the  line 
AB  :  and  if  a  be  measured  in  degrees,  the  error  BB'  or  BB" 
is  AB  X  a  X  3'14  —■  1>>0.  Thus  if  a  equals  I  minute  of  arc  :  BB' 
equals  AB  x  3-14/180  x  60  equals  0-000,29  x  AB  or  AB/3,438 
or  1  inch  in  285  feet  or  li  feet  in  1  mile. 

Secondly,  suppose  a  small  error  be  made  in  measuring  the 
length,  the  line  may  be  measured  too  long  or  too  short.  In 
Fig.  2  (Plate  II.),  let  AB  represent  the  true  length  of  the 
line,  and  AB'  and  AB"  the  measured  lengths  with  errors  BB' 
and  BB".  Calling  the  error  in  length  y8,  it  is  clear  that  if  AB 
be  measured  to  1  inch  in  285  feet,  there  will  be  an  error  in  the 
length  of  the  line  equal  to  that  which  an  error  of  1  minute  in 
the  bearing  produces  at  right  angles  to  the  line. 

Thirdly,  suppose  that  both  errors  in  bearing  and  length 
occur  together  as  shown  in  Fig.  3  (Plate  II.),  B  represents 
the  true  position  of  the  point,  BB'  the  error  in  length,  BB"  the 
error  due  to  the  error  a  in  the  bearing,  and  C  represents  the  final 
position  as  wrongly  determined;  then  BC  the  final  eiTor  equals 
v^BB'^  +  BB"-.  When  the  measurements  of  length  and  angle 
are  done  with  corresponding  degrees  of  accuracy,  for  example,  if 
the  bearing  was  read  with  an  eiTor  of  1  minute  and  the  length 
to  1  inch  in  285  feet,  the  final  error  equals  1"4    x   BB'.     But  if 
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the  error  of  one,  the  angle,  say,  is  three  times  that  of  the  other, 
the  final  error  13C  is  only  1(J5  greater  than  BB",  due  to  the 
angle  alone.  Consequently*,  increased  accuracy,  if  desired,  can 
only  be  secured  by  increasing  the  precision  of  the  worst  measure- 
ments, angle  or  length,  as  the  case  may  be ;  and  the  time  spent 
in  increasing  the  precision  of  the  more  accurate  measurement  is 
merely  time  wasted. 

If  several  successive  and  independent  readings  be  made  of 
the  bearing  and  length  of  the  line  AB,  with  any  instruments, 
the  errors  a  in  the  angle  and  /S  in  the  length  will  be  diiferent 
from  those  shown  in  Figs.  1,  2  and  -3,  and  each  pair  of  eiToi-s 
will  give  a  different  final  error.  In  a  great  number  of  measure- 
ments there  will  be  a  certain  error,  which  will  have  as  many 
greater  as  less.  This  error  is  commonly  called  the  probable 
error.  Its  value  can  be  determined  by  trial  for  any  particular 
instrument  (chain,  dial  or  theodolite),  observer  and  conditions. 
Having  determined  this,  a  and  P  in  Figs.  1,  2  and  •^  nia^*  be 
regarded  as  representing  the  probable  errors  in  the  measurement 
of  bearing  and  length  respectively.  This  may  not  be  the  value 
for  any  actual  error  made  in  surveying  with  these  instruments, 
but  it  is  an  even  chance  that  the  actual  error  made  is  less  than 
this,  and  it  is  more  than  a  4  to  1  chance  that  the  error  made 
is  less  than  twice  this  value.  Thus,  the  probable  error  affords 
a  good  guide  in  judging  the  reliability  of  the  work. 

Having  considered  a  single  observation,  the  more  complicated 
case  may  be  considered  of  a  series  of  these  observations  giving 
the  traverse.  As  in  the  previous  case,  it  will  be  better  to  take 
the  effect  of  errors  in  the  measurements  of  lengths  and  angles 
separately,  which  can  be  done,  since  these  errors  produce  displace- 
ments in  the  traverse-stations  at  right  angles  to  each  other.  Let 
it  be  supposed  that  the  traverse  consists  of  a  number  of  lines 
of  about  3  chains  in  length  running  nearly  due  east  and  west. 
In  measuring  each  line  by  the  ordinary  chain,  there  will  be 
three  or  four  applications  of  the  chain,  with  the  consequent 
uncertainty  in  the  position  of  each  end-point,  due  to  changing 
slope  of  ground,  irregular  pull  on  chain,  bad  fixing  of  end,  etc. 
The  result  is,  say,  that  the  line  is  measured  too  long  or  too  short 
bv  2  inches  on  the  average,  or  with  a  probable  error  of  about 
1  in  1,000  on  a  3  chains  line.     If  the  first  line  be  made  too  lon<r. 
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the  next  may  be  made  too  short  b^'  nearly  the  same  amount : 
the  errors  thus  tending  to  compensate.  Now,  perfect  compensa- 
tion cannot  be  expected;  in  fact,  it  is  generally  conceded  that 
if  measurements  be  made  of  n  things  in  series  under  such  cir- 
cumstance, the  uncompensated  error  left  in  the  n^^  observation 
is  \/  ??  X  /',  where  /■  is  the  probable  error  of  one  observation. 
Thus,  in  the  case  in  point,  if  the  probable  error  in  a  3  chains 
line  equals  1  in  1,000,  the  probable  enor  in  length  to  the  end  of 
the  second  line  is  300^2  ~  1,000:  to  the  end  of  the  third  line 
is  300  \/3 V  1,000  ;  and  to  end  of  the  nth.  line  is  300  sin -^  1,000. 
The  tinal  error  therefore  may  be  said  to  vary  as  the  JJ^  where  I 
is  the  length  of  the  traverse.  In  this  case,  the  probable  uncom- 
pensated error  is  \/3^4-  1,000  chains. 

Having  determined  the  uncompensated  error  in  length, 
the  uncompensated  error  at  right  angles  to  this,  due  to  error  in 
bearing,  must  be  determined.  There  are,  here,  tAvo  cases  to 
consider,  as  already  indicated.  Taking  a  traverse  with  the 
magnetic  needle,  where  there  is  no  local  attraction,  each  bearing 
is  read  independently  of  the  rest,  and  is  consequently  unaffected 
by  them ;  but  every  line,  as  plotted,  starts  from  the  end  of  the 
previously  determined  line.  Consequently,  the  error  in  position 
of  the  second  line  will  depend  on  the  error  in  fixing  the  first 
line ;  the  second  error  will,  however,  be  of  a  compensating 
character,  and  the  same  law  applies  as  in  the  measurement  of 
length.  Thus,  if  the  probable  error  of  measuring  a  bearing  were 
6  minutes,  which  gives  a  displacement  of  the  end  of  the  line  of 
about  l;'570th  of  its  length,  the  probable  error  in  the  position  of 
the  second  point  would  be  300  V  2  -^  570;  of  the  third  point, 
300^3^570;  and  of  the  n'^  point,  300 v/ti -^ 570.  In  Fig.  4 
(Plate  II.),  these  probable  errors  are  plotted  for  16  sights,  and  are 
shewn  by  the  line  marked  "  magnetic  bearings." 

It  will  be  noticed  that,  at  all  points,  the  probable  error  due 
to  measurement  of  the  bearing,  taken  at  6  minutes,  gives  an 
error  of  position  nearly  twice  as  great  as  that  previously  as- 
sumed for  the  length.  Under  such  circumstances  increased 
accuracy  must  be  sought,  if  it  be  required,  by  increasing  the 
precision  of  measurement  of  the  bearings.  The  combined  error 
due  to  the  length  of  the  bearing,  as  above,  would  be,  for  n  sights, 
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Taking  a  traverse  with  the  inag-netic  neecHe,  when  there  is 
local  attraction,  or  -with  the  theodolite  or  the  vernier-dial,  the 
bearings  are  each  determined  from  the  bearings  of  the  previous 
line  in  the  survey,  the  angles  between  two  adjacent  bearings 
only  being  determined  independently  one  of  the  other.  The 
errors  made  in  the  determination  of  these  are  compensating 
errors  in  the  determination  of  the  bearings ;  and,  as  before,  for 
the  position  of  the  end  of  the  line,  now  for  the  bearing  of  the 
line,  the  probable  uncompensated  error  is  ?■  x  V/t  where  r  is 
the  probable  error  of  determining  one  angle,  and  n  is  the  number 
of  angles  measured.  If  the  probable  error  in  measuring  an  angle 
be  6  minutes,  the  probable  error  of  the  second  bearing  is 
6v/2  minutes,  of  the  third  bearing  (Jv/o  minut<^s,  and  of  the 
>i^^  bearing  {j-s/ti  minutes.  These  uncompensated  errors  in  the 
bearing  give  errors  in  position  of  the  east-and-west  traverse 
(an  error  of  6  minutes  giving  a  displacement  of  about  4  inches 
in  a  line  3  chains  long)  as  follows :  — First  line  of  -'J  chains,  end 
displaced  4  inches;  second  line,  end  displaced  4\/2  inches 
starting  from  end  of  first  line,  and  the  total  displacement  is 
4(1  +  J'l)  inches  or  4  x  2"4  inches ;  the  total  displacement  of  the 
third  line  is  4(1  +  ^/2  +  \/  3)  or  4  x  41  inches ;  and  of  the  six- 
teenth line,  the  total  displacement  will  be  4  x  45  inches  or  15 
feet. 

Instead  of  the  probable  error  of  one  observation  of  an  angle 
being  6  minutes  of  arc,  by  using  a  better  instrument,  as  for 
example  a  5  inches  theodolite,  with  good  conditions,  the  error 
might  be  A  minute,  and  the  probable  displacement  of  the  terminal 
point  of  the  traverse  of  sixteen  sights  would  be  about  45/3,438 
chains  or  12  inches.  In  Fig.  4  (Plate  II.),  the  curve  marked 
"  theodolite  bearings  "'  shows  the  probable  uncompensated  error  in 
a  traverse  of  sixteen  lines  made  under  this  system,  and  the  figure 
gives  the  comparison  between  the  probable  errors  of  a  travei-se 
on  this  system  and  one  with  magnetic  bearings,  when  the  pro- 
bable error  of  a  single  observation  is  the  same  in  each  case. 
This  diagram  illustrates  clearly  the  diiferent  effect  of  the  two 
laws  of  the  transmission  of  error,  and  shows  that,  with  long 
vernier-surveys,  the  instrument  used  should  give  great  precision 
in  the  measurement  of  the  angles. 
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The  probable  uucompeiisated  error,  iu  the  measurement  of 
the  lengths,  would  also  be.  represented  by  the  same  curve  as  that 
for  the  compass-survey,  except  that,  now,  the  ordinates  at  each 
point  would  represent  errors  along  the  line  and  not  displacements 
at  right  angles  to  it.  It  will  be  recognized,  therefore,  that  if  there 
is  a  long  vernier-traverse,  the  error  due  to  angular  measurements 
increases  with  the  number  of  sights.  If  there  are  sixteen  sights, 
for  example,  and  the  error  in  length,  as  before,  is  1  in  1,000, 
while  the  error  in  angle  is  nearly  3  minutes,  giving  a  lateral 
displacement  of  1  in  1,000  for  the  observation  of  one  angle,  the 
final  probable  uncompensated  error  due  to  length  at  the  end  of 
the  sixteenth  sight  is  only  about  y^  of  that  due  to  the  angles. 
If  the  lengths  be  measured  to  2  inches  in  3  chains,  to  have  an 
equal  error  from  the  angular  measurements,  in  sixteen  lines  od: 
3  chains  length,  the  angles  must  be  measured  with  a  probable 
eiTor  of  about  18  seconds  in  each. 

The  diagrams  prove  the  marked  superiority  of  the  magnetic 
free-bearing  needle  method,  where  it  can  be  applied,  giving  as  it 
does  both  greater  speed  in  measurement  and  less  transmitted 
error.  Unfortunately,  the  perfect  absence  of  attraction  is  some- 
what difficult  to  establish,  and  the  needle  is  also  subject  to 
changes  in  the  direction  to  which  it  points.  When,  hoXvever,  the 
precision  attainable  with  magnetic-needle  readings  is  sufficient, 
the  use  of  this  at  several  points,  free  from  attraction  along  the 
survey,  breaks  up  a  long  traverse  into  independent  sets  of  shorter 
traverses,  each  set  being  pieced  on  to  the  previous  one,  accord- 
ing to  the  first  law.  The  accumulations  of  large  angvilar  errors 
is  then  rendered  improbable. 

Most  of  the  surveys  made  in  a  pit  will  not  be  simple  surveys 
on  an  approximately  straight  road,  but  around  a  closed  polygon. 
The  shape  of  this  polygon  will  vary :  sometimes  it  will  be  long 
and  narrow,  as  in  a  survey  out  and  back  along  the  same  or  along 
two  adjacent  roads  ;  sometimes  it  will  be  of  equal  dimensions  in 
length  and  breadth,  as  in  a  traverse  round  a  roughly  square  area. 
The  probable  error  in  the  closure  of  the  polygon  will  vary  with  its 
shape,  but  the  two  examples  given  above  may  be  taken  as 
extreme  cases.  From  what  has  been  said  of  the  propagation  of 
errors  in  a  compass-survey,  free  from  attraction,  it  is  probable  that 
the  errors  in  the  bearings  are  as  likely  to  be  made  in  a  clock- 
wise as  in  a  counter-clockwise  direction.     The  probable  unconi- 
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l)eii8ate(l  error  iii  posiliiui  (it  llic  ciid  ot  the  Iriivcrsc  is  ilicicfore 
the  same  in  a  traverse  '"  out  and  1)a(k  ""  as  in  the  siiui)h>  direct 
traverse  (Fig.  5,  Plate  II.).  The  same  remark  also  ai)i)lies, 
to  errors  in.  the  measurements  ot  length.  The  same  reasoning, 
however,  does  not  apply  to  the  traverse  around  the  sides  of  the 
sf[uare,  as  the  east-and-west  lines  cannot  give  compensating 
errors  with  the  north-and-so\ith  lines,  but  only  "  compounding  '" 
errors,  if  such  a  term  may  be  used.  Fig.  (I  (Phite  II.)  shows 
these  for  the  magnetic  bearings  alone.  Thus,  if  /■  be  the  pr(ibal)le 
error  of  one  bearing  (say  (!  minutes  of  arc  or  4  inches  in  a  line 
of  8  chains),  the  jirobable  error  at  B,  the  end  of  the  northern  side 
of  the  square  (each  side  being  12  chains  long)  is  /•  JA  or  S  inches. 
The  probable  error  at  C,  the  end  of  the  eastern  side  of  the  square 
is  /"\/4  in  a  northerly  direction  and  >■  J^l  in  an  easterly  direction. 
The  probable  error  at  J),  the  end  of  the  southern  side  of  the 
s(iuare,  is  /-s/S  in  a  northerly  dircM'tion  (since  the  four  sights,  (T), 
ia  a  westerly  direction  are  compensating  with  the  four  sights,  AB, 
in  an  easterly  direction),  and  i^/i  in  an  easterly  direction. 
Similarly,  the  probable  error  at  A  (error  in  closing),  the  end  of 
the  western  side  of  the  square,  is  ;VS  in  a  noitherly  direction, 
and  ?  ,y/S  in  an  easterly  direction,  or  the  total  error  AA'  is 
^(?V8)-  +  (/V.s)^  or  4/':  the  magnitude  ot  the  probable  closing 
error  being  the  same  as  before. 

The  case  is  very  diiferent,  however,  when  the  bearings  are 
not  measured  independently  of  each  other,  as  in  the  second  class 
of  traverses.  Here,  the  angles  are  measured  independently, 
their  errors  are  compensating,  but  the  probable  uncompensated 
error  in  bearing  has  lieen  shewn  to  be  /•>///:  when,  therefore, 
an  error  is  established  in  a  bearing  tending,  for  example,  to 
swing  the  survey  round  in  a  clockwise  or  in  a  counter-clock- 
wise direction,  this  will  tend  to  increase  according  to  tlie  above 
law,  just  as  the  northerly  or  easterly  errors  in  the  above  case 
tended  to  increase.  Thus,  in  the  out-and-back  siu'vey  of  six- 
teen sights  altogether  (Fig.  7,  Plate  II.),  if  the  en-ors  made 
in  the  bearings  tended  to  swing  the  survey  round  in  a  count- 
er-clockwise direction,  the  eiior  of  position  made  in  the  first 
eight  sights  to  the  eastward  according  to  this  law  would  be 
7rv/l  +  v/2-H  V^+n/4+n/"'+  s/fi+v/T-f-v/K)  in  a  northerly  direc- 
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tion  or  161?-  to  the  north.  In  the  return-bearings,  the  error  still 
being  poiinter-clockwise  will  make  the  sights  now  deviate  to  the 
south  instead  of  to  the  north.  The  first  back  sight  will  give  /V> 
error  to  the  south,  the  next  /V 10  and  so  on,  so  that  the  error  to  the 
south  in  the  return-bearings  will  be  )(\/9+  JlO+  .  .  .  +  ^16) 
or  28'2/'.  The  final  error  is  therefore  Kllr  northward  and  282/' 
soutliAvard  or  121;-  southward.  The  great  amount  of  eompensa- 
tion  that  has  taken  place  in  the  survey  due  to  the  error  reversing' 
will  be  recognized,  and  the  consequent  small  closing  error  from 
this  cause  for  a  given  degree  of  precision  in  the  measurements. 
The  maximum  eri'or,  in  fact,  in  this  example  is  to  be  found  at 
the  turning-point  of  the  traverse,  and  not  at  the  finish. 

In  the  traverse  round  a  square,  for  the  same  number  of  sights, 
and  with  a  similar  counter-clockwise  error  established  (Fig.  8 
Plate  II.),  starting  from  the  corner  at  the  end,  B,  of  the 
northern  side,  there  will  be  an  error  r(  J\  +  J2+ s/S+  Ji), 
or  61/'  to  the  north.  At  the  end,  C,  of  the  eastern  side,  there 
will  be,  in  addition  to  this  error  to  the  north,  an  error  to  the 
east  of  r(^b+  J6  4-  jf^  ^S)  or  10/'.  At  the  end,  D,  of  the 
southern  side,  tliere  will  be  an  additional  error  of  K\/9  +  >/104- 
v/ll+  \/12)  or  1-3/'  to  the  south,  or  a  total  error  of  6'9r  southward 
and  10/'  eastward.  At  the  end.  A,  of  the  western  side  there  will 
be  an  additional  error  of  )i^/T?,+  jTl+  JT5+  JTg)  or  15-2/- 
westward,  giving  a  total  error,  AA',  in  closing  of  (15"2  —  10  =  ) 
52/'  westward  and  O'O/-  southward.  The  reversing  nature  of  the 
errors  is  again  apparent. 

The  combination  with  errors  in  measurement  of  length  of 
sides  may  be  made  as  in  the  previous  cases. 

Table  I.  gives  the  probable  error  of  position  of  the  various 
points  of  the  traverse,  due  to  errors  in  the  angular  measurements, 
the  probable  error  of  a  single  observation  being  assumed  to  give 
a  displacement  of  imity.  Thus,  if  the  probable  error  of  measure- 
ment were  1  minute  of  arc,  and  the  traverse  were  made  round 
a  square,  the  error  to  be  expected  in  closing  a  traverse  of  sixteen 
sights  with  perfect  measurement  of  length  by  the  vernier-method 
would  be  from  column  G: — 09  x  length  of  each  sight  -f  o,4-^8 
eastwaid  or  westward,  and  5-2  x  length  of  each  sight  -^  8,488 
iioithward   or  southward.     These  are  the   errors   which   mav  be 
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allowed  in  tho  latitiidos  and  do])aititios  of  the  closing  point,  and 
since  it  is  a  more  than.  4  to  1  clianre  that  twice  these  amounts  are 
not  exceeded,  in  such  a  case  one  may  be  very  suspicious  of  a  false 
reading  in  one  line  rather  than  of  a  general  large  error,  and  one 
should  repeat  the  survey,  instead  of  distributing  the  error  over 
the  whole  suiTey. 

A  knowledge  of  the  probable  error  of  making  the  various 
observations,  which  together  give  the  traverse-survey,  and  the 
way  in  which  these  aifect  the  final  result,  is  of  use  not  only  in 
indicating  the  precision  ref|uired  in  the  instruments  and  opera- 
tions for  any  particular  survey,  and  therefore  determining  the 
instruments  that  should  be  used  for  it  and  the  time  that  should 
be  spent :  but  it  is  of  even  -more  use  as  a  test  to  apply  to  the 
results,  to  enable  one  to  judge  whether  they  are  satisfactory  or 
whether  any  unusual  error  has  been  made.  An  examination  of 
the  various  parts,  which  together  constitute  the  whole  error  in 
a  single  measurement  and  the  way  in  which  these  are  carried 
through  the  survey,  will  often  decide  the  best  method  of  using 
a  particular  instrument.  In  this  connexion,  it  would  also  be 
useful  to  gei  information  from  the  members  as  to  the  value  of 
the  errors  produced  by  diffcM'ent  instruments  undei  different  con- 
ditions and  with  different  methods  of  use. 

Considering  the  uncertainty  of  magnetic-needle  measure- 
ments and  the  general  presence  of  iron  in  mines,  it  follows  that 
most  of  the  surveys  made  will  come  in  Class  II..  and.  indeed, 
where  great  accuracy  is  essential  the  theodolite  will  in  general 
be  used.  The  preceding  shows  therefore  that  in  a  traverse, 
with  many  stations,  a  large  accumulation  in  angular  error  is 
not  improbable  (large  compared  with  the  error  of  a  single  read- 
ino-),  and  it  has  been  shewn,  in  a  long  traverse  with  sixteen 
stations,  that  an  accuracy  in  measuring  the  angles  is  required 
proportionately  eleven  times  as  great  as  that  of  measuring  the 
length.  Consequently,  for  this  as  for  other  reasons,  the  numl>er 
of  observations  should  be  reduced  as  much  as  possible.  More- 
over, in  good  work,  the  amount  of  the  angular  error  must 
always  be  determined  by  making  a  closed  traverse,  and  taking 
an  additional  obsei-vation  of  bearing  (by  the  continued 
bearing  method)  or  of  the  angle  between  the  iirst  and  last  line, 
an  angle  which  is  not  otherwise  reciuired  for  closing  the  survey. 
This  error  in  angle  is  then  tested  by  the  rule  iriven  al)ove,  and. 
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it  witliiii  tlie  limits  of  error  allowable,  it  is  distributed  over 
the  bearings  before  the  error  in  closure  is  determined.  The 
distribution  is  usually  made  evenly  over  the  whole  of  the  traverse, 
but  the  error  distributed  is  small. 

To  emphasize  the  different  Avays  in  which  errors  made  in  the 
various  descriptions  of  traverses  atfect  the  final  result,  the  writer 
took  99  counters  numbered  from  1  to  18,  and  representing  errors 
ranging  between  i  and  4,  the  probable  error  being  taken  as  unity. 
The  numbered  side  was  regarded  as  representing  a  plus  error, 
the  blank  side  a  minus  error  of  the  same  value ;  the  number  of 
counters  for  each  value  of  error  was  taken  in  proportion  to  the 
chance  of  that  error  occurring,  and  ten  lots  of  sixteen  counters 
each  -were  drawn,  the  errors  being  booked  down  in  order.  Xot 
to  be  too  tedious,  the  writer  has  selected  the  first,  fifth  and  tenth. 
A  plus  error  was  taken  as  representing  a  turning  of  the  survey 
in  a  clockwise  direction,  or  displacing  the  end  of  the  line  to  the 
right-hand.  The  sights  were  taken  as  of  equal  lengths,  and 
the  surveys  were  supposed  to  go  eastward  at  tne  start,  as  in  the 
previous  examples.  Tables  II.,  III.  and  IV.  record  the  errors 
ia  the  different  surveys.  A  comparison  of  these  numbers  will 
show  the  different  effects  on  the  final  point  of  the  same  error 
ill  a  leading  of  tlic  angles  under  the  different  conditifin. 
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A.— Number  of  line.  B.— Probable  error  in  position  of  the  end  of  each  line,  due  to  error  in  read- 
ing the  magnetic  bearing  ;  and  also  probable  error  in  the  bearing  due  to  error  in  reading  the  angles 
in  a  traverse  (Class  II.).  C- Probable  error  in  position  in  a  straight-line  travei-se  to  eastward,  ilue  to 
errors  in  angles  (Class  II.).  D.— Probable  error  in  posiciou,  due  to  errors  in  magnetic  readings  in  a 
travei-se  of  eight  sights  out  and  eight  sights  back.  E. -Probable  error  in  position  in  a  similar  vernier- 
survey  (Clas3  II.).  F.— Probable  error  in  position  for  a  magnetic  survey  round  a  square.  G.  -  Probable 
error  in  position  lor  a  rernier-survey  round  a  square 
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A.— Number  of  line.  B.— Value  of  error  drawn,  the  probable  error  bein^  1.  C— Error  of  position 
in  an  easterly  magnetic  survey  t'i^'en  north  and  south,  and  also  urror  of  bearing  in  the  vernier-survey, 
i;ivon  +  or  -.  D.— Error  of  position  in  an  easterly  venjier-traverse  of  sixteen  sights.  E.— Error  of 
position  in  an  easterly  niayuulie  travei-se  of  eight  sights  out  and  eight  sights  back.  F  —Error  of  posi- 
tion in  a  vernier-traverse  of  eight  sights  out  and  eight  fights  back.  (!.  — Error  of  position  in  a  mag- 
netic traverse  round  a  s<iuarc.    (;.  —Error  of  position  in  a  Sd.uare  traverse  (Class  II.) 
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A  -Number  of  line  B  -Value  of  error  drawn,  the  probable  error  being  1.  C.-Error  of  position 
in  an  easterly  magnetic  survey  given  north  an.l  south,  and  also  error  of  bearing  in  the  ver.)ier-surv,y. 
-'iven  +  or  -  D  -  Error  of  position  in  an  easterly  vernier-traverse  of  sixteen  sights.  E.-Error  of 
position  in  an  easterly  magnetic  traverse  of  eight  sights  out  an.l  eight  sights  back  F.  -Error  of 
position  in  a  vernier  traverse  of  eight  sights  out  and  eight  sights  back.  (J.-Krror  of  iKS.t.on  in  a 
magnetic  trave.-se  round  a  s.,uare.     G. -Error  of  position  in  a  square  traverse  (CIa.ss  IL). 
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A.— Number  of  line.  B.— Value  of  error  drawn,  the  probable  error  being  1.  C— Error  of  position 
in  an  easterly  magnetic  survey  given  north  and  south,  and  also  error  of  bearing  in  the  vernier-survey, 
given  -f  or  -  .  D.— Error  of  position  in  an  easterly  vernier-traverse  of  sixteen  sights.  E. — Error  of 
position  in  an  easterly  magnetic  traverse  of  eight  sights  out  and  eiglit  sights  back.  F.— Error  of 
position  in  a  vernier-ti-averse  of  eight  sights  out  and  eight  sights  back.  G.— Error  of  ]X)sition  in  a 
maguetic  traverse  round  a  square.    G.— Error  of  position  in  a  square  traverse  (Class  II.). 


Mr.  I.  HoDtiES  thought  that  Prof.  Thoinpsoiis  paper  woukl 
give  the  younger  members  and  students  an  opportiinity  'of  reading 
for  themselves  where  errors  occurred.  He  understood  that  in 
Germany  the  mine-sun'eyors  used  reliable  appliances,  and  that 
they  had  to  pass  examinations  of  a  high  standard.  He  moved 
a  vote  of  thanks  to  Prof.  Thompson  for  his  interesting  and 
valuable  paper. 

Mr.  W.  H.  PiCKEEiXG,  in  seconding  the  resolution,  stated  that 
Prof.  Thouqison's  paper  had  enabled  some  of  the  members  to 
step  backwards,  for  '-20  or  25  years,  to  the  time  when  they  used 
surveyors"  instrimients.  He  thought  that  the  principal  source 
of  error  in  mine-surveying  was  the  man  and  not  the  instrument  : 
but  a  great  point  was  to  take  care  of  the  instrument.  He 
agreed  with  Mr.  Hodges  that  the  status  of  the  mine-surveyor 
ought  to  be  raised;  for,  at  the  present  moment,  the  surveyor 
occupied  a  rather  invidious  position. 

Prof.  Gr.  R.  Thompsox  said  tliat  what  they  wanted  was  that 
the  good  and  bad  results  should  be  carefully  observe'd,  to  shew 
what   could   be   done   by    the    instrument   under   different    con- 
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(liliouy,  and  whetliiT  the  error  was  the  icsult.  of  carelessness,  or 
(hie  lo  tlie  inslrunieul.  The  errors  in  viMuier-siu veys  were  uoi 
necessarily  large: — A  5  inches  theodolite  would  have  a  probable 
error  of  about  12  to  15  seconds,  so  that  it  would  give  a  dis- 
placement in  o  mile  of  less  than  1  link. 


DISCUSSION  OF  MESSRS.  A.  II.  MEYSKY-THOMPSOX 
AXIJ  H.  L UPTON'S  PAPEP  ON  "SOME  OE  THE 
CONSIDERATIONS  AEEECTING  THE  CHOICE  OE 
PIMPING  MACHINERY.  •* 

The  Presidext  (Mr.  H.  13.  Nash)  said  tliat  his  own  experi- 
ence of  electrically-driven  pumps  underground  did  not  coincide 
with  the  vieAV  expressed  by  the  writers  ot  the  paper,  so  tar  as 
the  working  costs  were  concerned,  tor  in  eight  years  only  one 
breakdown  had  occurred  with  three  pumjis  innning  daily,  the 
cost  in  maintenance  and  repairs  being  only  infinitesimal,  when 
compared  with  the  amount  of  work  done.  .\11  wei-e  sitnaliMl 
2  miles  from  the  generators,  and  in  his  opinion  tlu'  secret  ot  this 
successful  working  was  cleanliness,  also  mains  sulhciently  large 
tor  the  current  retiuired.  There  were  three  otluT  ]»umps,  at  an 
adjoining  pit,  driven  by  compressed  aii-.  and  the  useful  ettect 
was,  in  comparison,  very  low.  In  each  case,  the  rising  mains 
were  large  for  the  amount  of  water  to  be  pumped.  He  had  also 
a  compound-condensing  Hathorn-Davey  pumping-engine  fixed 
on  the  surface,  working  two  sets  of  24  inches  pumps  very 
efficiently  and  economically.  Another  Hathorn-Davey  pump- 
ing-engine, fixed  in  the  mine,  had  also  given  good  results;  but 
the  valve-gearing  had  to  be  replaced  with  stronger  valves  than 
those  supplied  by  the  makers  of  the  pumps,  before  that  result 
was  obtained.  The  cost  of  maintaining  in  good  order  double- 
beat  valves  had  not  l)een  so  low  as  single-beat  valves  with  a 
leather  seating,  and  if  the  valves  were  not  accurately  fitted, 
and  the  water  at  all  corrosive,  the  valve-faces  w(>re  eaten  away, 
and  required  frequent  attention  at  the  fitting-shop.  He  had 
also  had  hydraulic  pumps,  w(n'king  with  a  head  of  water  taken 
out  of  the  rising  main,  with  satisfactoiy  results  so  long  as 
there  was  plenty  of  water  for  the  main  pumps;  but,  with  a 
diminished  supply  of  water,  he  had  found  it  cheaper  to  substitute 
*   Tran-<.  Inst.  M.E.,  1903,  vol.  xxiv.,  page  276  ;  and  vol.  xxv.,  page  175. 
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eloclivically-thiveu  pumps.  Ivope-diiven  pumps,  if  ruu  at  slow 
speeds,  were  sometimes  usefully  applied  for  dip-workiugs,  wlieie 
it  was  iueonveuieut  to  take  either  steam  or  eleftricit3',  ^^^^'  ^lit' 
ellicieuey  was  low.  The  useful  effect  of  steam-driven  pumps 
at  the  pit-bottom  could  be  cousiderabh^  increased  by  ruuuing 
the  eng'iiie  opeu  until  fully  at  work,  and  then  turning  the 
exhaust-steam  into  the  suction-pipe,  which  acted  as  a  condenser, 
giving  a  very  considerable  vacuum ;  and  he  thought  that  the 
principle  could  be  more  extensivel}-  applied  with  satisfactory 
results. 

Mr.  M.  H.  Habershox  said  that  there  was  one  consideration 
which  he  thought  should  be  looked  into  in  determining  what 
type  of  engine  to  adopt  for  pumping  large  quantities  of  Avater, 
and  it  was  the  deciding  point  in  a  case  he  had  to  deal  with  a 
short  time  ago.  An  engine  was  required  for  lifting  2,801)  gallons 
of  water  per  minute,  and  it  was  found  that  the  quantity  of  air 
necessary  to  keep  an  underground  engine-house  cool  would  be 
Sij  great  that  it  would  very  seriously  interfere  with  the  work 
that  the  fan  was  doing  in  the  ventilation  of  the  mine  ;  as  he 
knew  from  previous  experience  that  a  large  quantity  of  air 
would  be  required.  In  a  previous  discussion,  it  was  stat/ed  that 
"  the  consumption  of  steam  at  underground  pumps  must 
necessarily  be  high,  and  their  experience  pointed  to  7  pounds 
[of  steam]  per  indicated  horsepower.""*  That  was  obviously  a 
mistake,  and  he  thought  that  7  pounds  of  coal  was  meant. 

Mr.  J.  R.  WiLKixsox  said  that  the  question  of  the  cost  of 
the  power  employed  in  pumping  water  and  for  other  purposes 
in  and  about  a  mine,  was  becoming  more  and  more  recognized 
by  mining  engineers.  He  was  satisfied  that  more  attention 
could  be  advantageously  given  to  the  class  and  elHciency  of  the 
boilers  used.  In  comparing  the  work  done  with  the  coal  burned, 
it  seemed  to  him  that  the  boiler  was  quite  as  important  a 
factor  as  the  engine  and  pump,  and  that  in  comparing  the 
efheieney  of  pumping-engines  with  the  consumption  of  fuel, 
any  discrepancj-  in  the  performance  of  the  boilers  generating 
the  steam  should  be  taken  into  account.  A  modern  engine 
fixed  on  the  surface  near  to  the  boilers,  designed  to  use  high- 
pressure  and  the  expansive  properties  of  the  steam  to  the  lowest 

*   Trans.  Inst.  M.E.,  1903,  vol.  xxv.,  page  180. 
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possible  poiul,  wuuld  be  au  ideal  aiTaiig-emeat,  aud  siiould  give 
good  results  iu  the  work  done  for  the  steam  used ;  but  for  littiug 
large  volumes  of  water  heavy  rods  and  cumbersome  shaft-gear- 
iug  had  to  be  used,  and  where  the  conditions  were  favourable 
for  an  engine  at  the  bottom  of  the  shaft,  much  could  be  said  in 
favour  of  placing  it  there.  The  reduced  cost,  fewer  repairs, 
greater  convenience,  and  less  obstruction  to  ventilation  in  the 
shaft,  etc.,  Avould  go  a  long  way  towards  compensating  for  the 
loss  in  power.  He  believed  that  hydraulic  pumps  were 
economical,  but  he  had  seen  a  very  large  shaft-pump  that  had 
to  be  worked  iu  order  to  provide  power  for  the  running  of  a 
small  hydraulic  pump,  and  in  that  case  it  was  a  costly  arrange- 
ment. He  disagreed  with  tiie  statement  that  a  disadvantage 
attendant  on  electric  pumping-plant  was  its  liability  to  get  out 
of  order.  Although  compressed  aii'  was  an  expensive  power, 
he  had  seen  it  do  good  service  in  driving  pumps  fixed  long 
distances  underground  from  the  shaft,  and  he  believed  it  to 
be  a  useful  mode  of  power-transmission. 

Mr.  A.  H.  Mkvsky-Tiiompsux,  replying  to  the  discussion,  said 
that  their  object  in  writing  the  paper  was  to  put  before  colliery- 
engineers  what  they  generally  had  difficulty  in  getting  for 
themselves,  namely,  the  comparative  costs  of  the  different 
systems  of  pumping.  Since  they  had  obtained  the  results  given 
in  their  paper,  some  very  useful  figures  were  to  hand,  relating 
to  the  cost  of  generating  current  in  the  various  establishments 
of  Messrs.  Vickers,  Sons  and  Maxim,  Sheffield.  The  south 
station,  which  was  the  most  economical,  showed  a  works  cost 
of  0'4(i9d.  per  unit  generate;!,  while  the  Moat  and  Bradley 
engines,  working  pumps  at  the  bottom  oi  the  shaft  by  means 
of  rods,  built  nearly  20  years  ago,  averaged,  during  the  whole 
of  their  recorded  life,  a  cost  of  0'22d.  per  unit,  or  about  half 
the  cost  of  pumping  by  means  of  electrically-driven  pumps. 
The  remark  in  their  paper,  as  to  the  breakdowns  of  electrical 
plant,  was  taken  from  a  statement  by  Mr.  Longridge  (Chairman 
of  the  Engine,  Jioiler  and  Employers'  Liability  Insurance  Com- 
pany), and  no  doubt  some  breakdowns  were  due  to  carelessness. 
One  speaker  had  referred  to  double-beat  valves  as  giving  trouble, 
aud  expressed  a  preference  for  single-l)eat  valves.  Xo  doubt, 
in  some  cases,  the  latter  had  much  to  recommend  them,  but  the 
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objeetiou  was  that  they  did  uot  give  the  same  water-way  as 
double-beat  ones,  and  cousequeutly  a.  larger  valve  aud  box  had 
to  be  provided,  and  this,  when  pumping  against  heavy  heads, 
was  a  great  disadvantage.  Valves  were  the  portion  of  a  pump- 
ing-plant  which  turned  the  makers"  hair  grey  ;  and  it  was  some- 
times necessary  with  certain  waters  to  adopt  valves  which  under 
ordinary  circumstances  would  be  unsuitable.  AVith  regard  to 
condensing,  the3'  tuund  that  exhausting  into  the  suction  was 
apt  to  cause  trouble,  unless  provision  was  made  to  allow  the  air 
carried  in  suspension  in  the  steam  to  escape,  otherwise  it  was 
carried  into  the  pump,  and  caused  it  to  work  unsteadily.  The 
authors  did  not  profess  to  be  skilled  electricians,  but  they  thought 
that  the  three-phase  system  had  certain  advantages,  one  being 
that  it  could  carr^'  a  higher  voltage  than  the  continuous  current. 
In  their  experience,  the  cheapest  system  of  all  in  first  cost  Avas 
the  underground  engine-pump ;  next,  the  overground  engine  with 
rods ;  and  next,  the  electric  and  hydraulic ;  both  were  very 
expensive,  but  both  had  great  advantages  under  certain  cir- 
cumstances. 

Mr.  H.  LuPTON  said  that  he  fully  agreed  with  what  Mr. 
Wilkinson  had  said  about  boilers,  but  he  thought  that,  i-n  dealing 
with  an  engine  one  ought  to  eliminate  the  boilers,  as  the 
engineers  could  not  be  resi)onsible  for  the  mistakes  of  the  boiler- 
maker. 


About  sixty  members  visited  the  Thornliill  colliery,  where, 
they  had  the  opportunity  of  Mitnessing  the  Craig  coal-washer  at 
work.* 


Trans.  Inst.  M.E..  1902,  vol.  xxiii.,  page  179. 
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THE  MIDLAND  IXSTITUTE  OF  MIXING,  CIVIL  A.NJ) 
MECHANICAL  EXGIXEEltS. 


EXCURSION  MEETIXG, 
Help  at  Midhope  Reservoir,  OcTor.ER  JStii,   190o. 


The  lueinljeis  inspected  the  new  waiei works  in  llie  Hdii 
^'alley,  Jiaiuely  : — The  reeeully  coiiiijleted  Midhope  waterworks 
of  the  liariisley  Corporation,  and  the  Langsett  reservoir,  in 
course  of  construction,  of  the  SlietHeld  Cori)oration. 


MIDHOPE  EESEKVUIK. 

In  1894  the  Barusley  Corporation,  acting  on  tlie  advice  of 
their  engineers,  decided  to  make  application  to  Parliament  tor 
powers  to  construct  a  reservoir  on  the  Hagg  Brook,  which  is  a 
trilnitarv  of  the  Porter  or  Little  Don  river.  In  IcSDfi,  the  Koyal 
sanction  was  given,  and  in  October  of  that  year,  the  necessary 
trial-holes  were  sunk,  along  the  site  of  the  intended  embankment, 
the  result  shewing  that  there  was  every  prospect  of  a  watertight 
foundation  being  found  at  moderate  depths,  in  the  upi>er  beds  of 
the  Millstone  Grrit  and  Black  Shales.  Tlie  proportion  of  the  thick- 
ness of  the  grit-stone  beds  to  tho  shales,  so  far  as  the  trench  dis- 
closed the  same,  was  at  the  western  end,  -{'i  feet  of  grit-stoue  in 
90  feet  of  shale  ;  at  the  eastern  end,  14  feet  of  grit-stone  in  114  feet 
of  shale,  and  near  the  centre  over  the  bed  of  the  Hagg  Brook, 
the  whole  was  in  black  shale,  except  about  '2  feet  which  formed 
the  bed  of  the  brook.  The  dip  of  the  strata  is  slightly  to  the 
north-east. 

The  embankment  is  fornu'd  by  means  of  a  clay-puddlo  core, 
the  greatest  thickness  of  which  in  any  part  of  the  trench  is 
26  feet,  and  it  is  battered  to  the  top  to  a  thickness  of  8^  feet. 
Portland-cement  concrete  was  largely  employed  in  forming  a. 
cradle  for  the  puddle  to  rest  upon,  and  in  forming  Avails  to  protect 
the  clay  from  the  rough  rock. 
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Willi  tlie  exception  oi  the  magnitude  of  the  (quantities  of 
material  used,  no  special  engineering-  difficulties  have  been  en- 
countered, the  site  proving  to  be  one  of  the  best  that  it  could  have 
been  possible  to  obtain  for  the  purpose  of  making  a  reservoir. 
The  approximate  quantities  of  material  used  in  the  embankment 
were,  exclusive  of  clay-puddle,  about  500,000  cubic  yards,  the 
claj'-puddie  amounting  to  about  40,000  cubic  yards. 

The  height  of  the  top  bank  of  the  reservoir  above  sea-level 
is  800  feet,  and  the  top  water-level  is  800  feet.  The  embank- 
ment is  about  1,050  feet  long,  and  145  feet  deep  from  the  top 
of  the  bank  to  the  greatest  depth  of  the  trench.  At  the  bed  of 
the  Hagg  Brook,  the  trench  was  sunk  50  feet. 

The  discharge-tunnel  is  through  the  solid  rock  at  the  eastern 
end  of  the  embankment,  and  is  Gi  feet  in  diameter  of  brickwork 
(in  cement)  of  various  thicknesses.  The  supply  for  the  town  of 
Ikirnsley  is  taken  through  two  valves,  -"JO  inches  in  diameter  : 
the  shafts  to  the  valves  are  in  duj^licate,  each  measuring-  11  feet 
by  11  feet  by  102  feet  deep,  and  the  valves  are  opened  and  closed 
by  gearing.  It  is  intended  that  these  valves  shall  be  covered  by  a 
house.  The  embankment  has  a  batter  on  the  inner  slopes  of  'd  to 
1,  and  on  the  outer  slopes  of  2jto  1.  The  bye-wash  has  an  over- 
flow-sill about  5(i  feet  wide,  and  is  constructed  wholly  of  masonry- 
on  concrete-beds  in  the  best  possible  manner. 

The  watershed  area  is  about  2,000  acres,  and  the  j'ield  for  the 
purposes  of  Barnsley  and  district  is  about  1,800,000  gallons  per 
day.  With  the  yield  from  the  Ingbirchwoi-th  reservoir,  this 
supply  is  estimated  to  be  sufficient  for  the  needs  of  the  district 
for  the  next  40  years. 

The  filter-beds  will  be  four  in  number,  each  120  feet  long  by 
74  feet  wide,  and  are  now  being  constructed  of  masonry,  concrete 
and  puddle,  the  filtering-material  being  broken  stone,  pebbles, 
Eiver-trent  sand  and  chalk.  The  filter-beds  will  discharge  into 
a  pure-water  tank,  115  feet  by  50  feet,  then  gauged  through  a 
Venturi  meter,  and  passed  on  to  Barnsley.  The  pressure  is 
broken,  on  the  way,  at  Wortley,  by  a  covered  service-reservoir, 
which  will  contain  1,000,000  gallons  of  water,  and  is  being  con- 
structed of  brickwork,  concrete  and  puddle.  The  water-mains  are 
22  and  20  inches  in  diameter,  and  are  rnntrnllpd  l)y  valves  on  the 
route. 
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The  total  expentlitiive  on  the  works,  includiuir  the  purchase 
of  laud,  with  the  works  necessary  to  convey  the  water  to  Barnsley, 
is  estimated  at  £:]()n,()()0. 

The  works  have  been  designed  and  cariit'd  out  uucUm  the 
supervision  of  Messrs.  T.  &  C.  Hawksley,  of  Westminster,  with 
the  assistance  of  the  hite  Mr.  E.  J.  Thompson,  siiperintendent  of 
woiks,  and  Mr.   I.  Henrv  Tavlor.  resident  encineer. 
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MIDLAND   IXSTITT'TE   OF   MIXING.    CIVIL   AND 
MECHANICAL  ENGINKLRS. 


GENERAL  MEETING, 

Held  at  tuk  Queen's  Hotel,  Leeds,  November  10th,   1903. 


Mr.  H.  B.  NASH,   1'resident,  in  the  Chair. 


The  minutes  of  the  previous  General  Meetin<j  weie  read  and 
confirmed. 


The  following  gentlemen  were  elected,  having  been  piwiously 
nominated  :  — 

Me>;bers  — 
Mr.  Arthur  Hort  Barnard,    Mining   Engineer,  Denaby  and  Cadeby  Main 

Collieries,  near  Rotherhain. 
Mr.  WiLLi.\M  N.  Blakely,  Mining  Engineer,  27,  Sbolebroke  Terrace,  Leeds. 
Mr.  Horace  W.  Bradley,  Colliery  Enginewright,  Silverwood  Colliery,  Thry- 

bergh,  Kotherham. 
Mr.  Frank  Benedict  Cramer,  Technical  Manager,  International  Electrical 

Engineering  Company,  17,  De  Vere  Gardens,  Kensington,  London,  W. 
Mr.  Robert  Wilfred  Crossland,  Mining  Engineer,  Oldtield  Nook,  Cleck- 

heaton. 
Mr.  Owen  Hu(;hes,  Colliery  Manager.  Kose  Hill  House,  Hindley,  Wigan. 
Mr.  David  Hunter,  Meciianical  Engineer,  17,  St.  Ann's  Square,  Manchester. 
Mr.  Charles  Oxley',  Enginewright,  Wombwell  Main  (^olliery,  near  Bamsley. 
Mr.   Joseph  Ramsden,  Colliei'y  Manager,  ti,  Nowell  Place,    H archills  Lane, 

Lead.*. 

Associate — 
Mr.  Francis  William  Gray,  Surveyor,  Birdwell,  near  Bamsley. 

Student — 
Mr.  Reginald  B.  Wilson,  Assistant  Mining  Engineer,  Leak  Cottage,  Church 
Lane,  Chapel  AUerton,  Leeds. 


Mr.  F.  W.  Gray's  paper  on    ■Ankylostomiasis:    the  "Worm- 
disease  in  Mines"  was  read  as  follows:  — 

31 


ANKYLOStOMlASlS.  3-J7 


ANKYLOSTOMIASIS:    THE    AV01iM-J)ISKASE 
IN  MIXES. 


By  FRANCIS  WILLIAM  CRAY. 


Few  events  in  the  history  of  mining  are  more  startling  and 
suggestive  than  the  sudden  outbreak  of  the  so-called  "  wdim- 
disease  "  in  the  German  coal-field,  almost  paralysing  several  Im- 
portant collieries  and  threatening  the  wh(de  industry  of  those 
n\<>ions.  As  the  conditions  might,  under  certain  circumstances, 
reproduce  themselves  in  this  country,  it  seems  desirable  that  the 
(question  should  be  introduced  to  the  notice  of  (he  members; 
and  the  writer  therefore  begs  to  submit  a  few  notes  based  upon 
the  investigations  which  have  been  conducted  in  Oermany,  in 
connection  with  the  spread  and  treatment  of  this  unpleasant 
disease.  The  subject  has  already  received  the  attention  of  that 
distinguished  physiologist,  Dr.  I.  S.  Haldane,*  and  blue-books 
have  been  published  dealing  with  the  physiological  and  medical 
aspects  of  the  subject;!  to  these  the  writer  will  have  occasion  to 
refer.  There  are,  however,  other  aspects  of  a  technical  character 
with  which  Dr.  Haldane  could  scarcely  deal,  but  which  are  of 
the  highest  importance  to  mining  engineers. 

It  is  perhaps  not  admitted  directly  that  the  cxiensive  spread 
of  this  disease  has  been  due  to  the  conditions  brought  about  in 
Grerman  mines  by  the  extensive  system  of  watering  introduced 
some  five  years  ago  by  a  Government  regulation,  with  the  view 
of  minimizing  the  danger  of  coal-dust  explosions.  There  is. 
however,  little  doubt  that  to  this  must  be  attributed  its  wide- 
spread extension.  Coal-dust  explosions  occur  from  time  to  time 
in  this  country,  and  as  a  result  the  Government  are  urged  to  in- 
troduce compulsory  watering  on  a  system  similar  to  that  now  in 
force  in  Germany;  but  the  Home  Office  and  H.M.  inspectors  of 
mines  have  hitherto  wisely  preferred  to  be  very  cautious  in  in- 

*  Trans.  Imt.  JJ.K,  1903,  voL  xxv.,  page  643. 

t  (1)  Report  to  the  Su-ntary  of  Slat'-  for  tin  Home  Dij»irtm>iil  on  uii  Oiilhrtak 
orAn/.i/fo-'/oml'tsis  in  a  Cornish  'Mint,  by  Dr.  J.  S.  Haldane,  1902  [Cil.  1318].  (2) 
AiiL-y/o'<lomiasi-<:  Rtporls  on  (lit  Outhncd-  in  tht  Wtslphnlian  Colli* ry  UiHtroi  in 
(Itrmany,  1903  [CM  1671]. 
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tr()diu'in<>-  reg-ulations  of  so  far-reacliing  a  cliaracter.  These, 
apart  from  tlie  effect  that  they  are  certain  to  have  ou  the  roofs 
and  floors  of  nianj-  mines,  with  our  comparatively  horizontal 
stratification,  may  bring  in  their  train  all  the  evils  from  which 
(tur  neighbours  in  Germany  are  at  present  suffering,  and  for 
which  they  are  vainlj-  seeking  to  hnd  an  effective  remedy.  It 
is,  therefore,  very  important  that  the  whole  of  the  circumstances 
in  connection  with  what  has  occurred  in  Germany  should  be 
present  to  the  minds  of  mining-engineers  in  this  country,  in 
order  that  they  may  be  taken  into  account  in  case  any  legislation 
for  more  extensive  watering  in  mines,  and  especially  in  working- 
places,  were  suggested. 

The  disease  has  made  its  appearance  at  the  Dolcoath  mine  in 
Cornwall,  and  in  the  blue-book  issued  by  the  Home  Oliice 
(November,  1902),  Dr.  J.  8.  Haldane  gives  an  explanation  of  the 
nature  of  the  worm,  from  which  the  following  extracts  are  taken : 

The  disease  uow  generally  kuowu  as  ankylostomiasis  is  due  to  the  presence 
in  the  upper  part  of  the  small  intestines  of  a  species  of  nematode  worm.  .  .  . 
Its  definite  relation  to  a  disease  characterized  by  anaemia  was  established  in 
1854  by  Griesinger,  who  showed  that  it  is  the  cause  of  what  was  then  kuowu 
as  "  Egy^jtiau  chlorosis,"  a  disease  very  common  in  Egypt.  A.  few  years 
later  ankylostomiasis  was  identified  by  Wucherer  as  one  of  the  commonest 
maladies  iu  Brazil,  and  since  then  it  has  gradually  been  found  to  exist  as  a 
very  common,  widespread  and  troublesome  disease  in  tropical  and  sub-tropical 
countries  alt  over  the  world.  About  twenty-five  years  ago,  a  disease  known 
at  first  as  "  miners'  anaemia  "  attacked  the  workers  constructing  the  St.  Gothard 
tunnel,  causing  great  trouble  and  much  loss  of  life.  This  disease  was  shown 
by  Perroncito  to  be  ankylostomiasis,  which  was  thus  lirought  into  prominence 
in  Europe.  It  has  also  appeared  among  coal-miners  at  St.  Etienne  in  France, 
in  Westphalia  and  in  Belgium  ;  among  brick-makers  near  Cologne  in  Germany; 
and  elsewhere.  Hitherto  its  occurrence  iu  England  has  never  been  recorded, 
except  by  Manson  among  lascars  ou  vessels  from  India.  .   .  . 

The  adult  worm  lives  in  the  duodenum  and  upper  part  of  the  small 
intestine,  with  its  head  fixed  in  the  mucous  membrane.  The  female  is  about 
5  inch  in  length,  the  male  being  a  little  shorter.  The  head  is  provided  with 
a  suctorial  apparatus  and  four  curved  teeth.  .  .  .  The  female  worm  produces 
an  enormous  number  of  ova,  which  may  be  easily  found  in  the  faeces  of  all 
persons  suffering  from  the  disease.  These  ova  measure  about  O'Oo  to  0'06 
by  003  to  U04  millimetre,  are  very  characteristic,  and  are  easily  distinguished 
by  their  delicate  and  perfectly  transparent  oval  shells.  .  .  . 

The  symptoms  of  the  disease  are  briefly  as  follows:  The  face,  and  par- 
ticularly the  lips,  tongue,  and  inner  surface  of  the  eyelids,  become  pale, 
just  as  in  the  case  of  the  "  auseniia  "  or  "  chlorosis  "'  commonly  met  with  iu 
young  women.  At  the  same  time,  the  affected  person  begins  to  complain  of 
pulpitations,  and  a  tendency  to  dizziness  and  shortness  of  breath  on  exertion. 
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He  and  his  irieiuls  otteii  suspect  that  lie-  lias  hcart-diseaso.  Thcri'  is  also 
tienueutly  diseomtort  or  touderuess  iu  the  region  of  the  stoiiiaeh,  with  capri- 
cious or  abuormal  appetite  aud  other  syuiptouis  of  gastro-iutestiual  disturb- 
aiice.  These  various  symptoms  become  more  aud  more  pronouuced,  until  at 
last  it  becomes  impossible  to  work,  aud  a  miner  would  not  dare  to  asceud  a 
ladder  ou  accouut  of  the  risk  of  faintingf.  The  pallor  aud  the  other  main 
symptoms  depend  ou  a  deficient  percentage  of  ha-moglobin,  the  oxygeu-carry- 
iug  coustitutent  of  the  blood.  The  fainting,  palpitations,  etc.,  are  due  to  the 
consequent  defective  aeration  of  the  tissues,  aud  in  particular  of  the  heart, 
just  as  occurs  in  poisoning  by  carbonic  oxide.  We  have  measured  the  total 
volume  of  the  blood  in  several  cases,  and  the  results  indicate  that  the 
■■  anaemia  "  is  due,  not  to  loss  or  destruction  of  blood,  as  has  hitherto  always 
been  supposed,  but  to  a  great  increase  in  its  volume,  with  a  correspondiug 
dilution  of  the  haemoglobin.  The  gastro-iutcstinal  symptoms  are  probably 
due  mainly  to  irritation  caused  by  the  presence  of  the  worms.* 

J)i-.  Haklane's  Report  lias  been  translated  iuto  Gerniau  by  Mr. 
G.  A.  Meyer,  manager  of  the  Sbamrock  collieries,  aud  has  been 
read    with,   great    interest    by    Westphaliau    mining    engineers. 

The  "  bunches,"  which  appear  to  be  a  feature  of  the  disease  at 
Dolcoath,  are  unknown  in  Westphalia.  Dr.  Haldane  states  that 
Dr.  A.  E.  Boj'cott  and  he  are  making  enc[uirie8  with  a  view  to  a 
more  detailed  report,  which  will  l)e  awaited  with  interest. 

Attention  was  first  called  to  the  existence  ot  Ihis  disease  in 
the  Westphalian  mines  about  1S!)(),  but  it  was  then  not  thought 
to  be  at  all  serious.  Three  years  ago,  when  the  tlisease  became 
so  alarminglj'  iDrevalent,  the  whole  subject  was  submitted  to  the 
investigation  of  a  number  of  medical  men  in  the  district,  some 
of  whom  had  already  been  studying  the  problem.  Amongst 
these,  some  of  the  most  important  opinions  have  been  given  by 
Dr.  Tenholt,  the  Chief  Medical  OtKcer  of  the  Miners'  General 
Provident  Fund  (an  institurion  on  similar  lines  to  the  AVeet 
Riding  Permanent  Relief  Fund,  but  with  more  extended  powers), 
Dr.  Hayo  Bruns,  director  of  the  Gelsenkircdien  Institute  of 
Bacteriology  and  Hygiene,  and  Dr.  Lo'bkcr,  the  resident  doctor 
of  the  Miners'  Hospital  at  Bo(diuni.  They  have  conducted  many 
and  various  experiments,  both  in  the  laboratory  and  in  the  mines 
themselves,  extending  over  a  period  of  six  or  seven  years.  On 
the  whole,  their  conclusions  are  the  same,  although,  as  is  to  be 
expected  in  the  study  of  a  comparatively  new  and  little  under- 
stood disease,  they  differ  on  minor  technical  points.  The  main 
outline  of  their  conclusions  is  shoitly  as  follows:  — 
*  Loc.  cit.,  pages  4  and  5. 
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Ankylostomiasis  is  a  true  iufectious  disease,  and  resembles  in 
many  respects  the  cliolera-typliiis-dysentery  group.  It  belongs, 
with,  these,  to  those  diseases  in  which  the  alimentary  canal  is  the 
door  of  the  infection,  and  which  are  spread  chiefly  by  the  faeces 
of  aft'ected  persons.  It  possesses  the  characteristic  symptoms  of 
that  group  of  diseases  which  were  formerly  distinguished  as 
"  contagious,"'  that  is,  diseases  which  are  contracted  by  direct 
contact  with  infected  matter.  Ankylostomiasis  possesses,  how- 
ever, features  which  are  peculiar  to  itself,  and  it  differs  i}i  many 
essential  points  not  only  from  bacterial  but  from  all  other  con- 
tagious parasitical  diseases.  The  relation  between  tlie  conditions 
of  climate  in  the  temperate  zone  and  the  conditions  which  the 
parasite  finds  necessary  to  its  development  and  existence,  are 
such  that  it  is  not  probable  that  the  disease  will  ever  affect  the 
community  at  large,  at  least  not  in  Western  Europe.  It  is 
essentially  a  disease  peculiar  to  certain  specific  callings.  It  is 
only  where  the  ova  of  the  worms  find  conditions  adapted  to  their 
development  that  the  parasite  is  likely  to  multiply.  These  neces- 
sary circumstances  are  warmth,  moisture  and  darkness.  A  com- 
bination of  these  three  conditions  is  to  be  found  at  many 
collieries. 

As  regards  the  first  condition,  it  has  generally  been  supposed 
that  73°  Fahr.  is  the  lowest  temperature  at  which  the  parasite 
can  develop.  Dr.  Bruns  states,  however,  that  he  has  succeeded  m 
hatching  the  larvae  from  the  eggs  at  a  temperature  varying 
between  (i9°  and  72°  Fahr.,  but  that  under  these  circumstances 
the  development  occupied  a  longer  time.  The  usual  period  of 
development  is  somewhat  over  5  days,  but  at  this  low  tempera- 
ture 4  or  5  days  elapsed  before  the  shell  was  broken,  and  14 
days  to  the  completion  of  the  development.  Dr.  Malvoz,  the 
director  of  the  Liege  Institute  of  Hygiene,  has  developed  ova  at 
a  still  lower  temperature,  namelj'  54°  FaJir,  Out  of  1,000 
Aiiki/Iostoma-eggs  he  succeeded  in  hatching  the  larvae  from  40  at 
59°  Fahr.  In  most  German  collieries,  the  underground  tempera- 
ture is  sufficiently  high  to  fultil  the  tirst  condition,  and  possibly 
in  many  British  mines  also. 

Still  more  important  is  the  second  condition  necessary  to  the 
spread  of  the  disease,  namely,  dampness.  In  normally  damp 
excreta,  the  development  of  the  ova  proceeds  at  the  most  only  very 
slowly ;   when  it  is  moderately  dry  no  development  takes  place  ; 
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and  wlieu  very  dr}'  tiie  eggs  lose  tlieir  vitality.  So  souii,  liow- 
tnor,  as  the  faeces  become  diluted  by  water  or  tliiii  luud,  the  ova 
are  speedily  hatched  and  the  embryo  breaks  through  the  shell  as  a 
free  larval  woiTii,  which  after  some  daj's  furnishes  itself  with 
a  strong  envelope  or  capsule.  At  this  stage  it  becomes  dangerous 
to  man,  and  is  capable  of  cairying  infection. 

A  series  of  experiments  has  been  carried  out  by  Dr.  Wort- 
mann,  of  Baukau,  and  they  prove  conclusively  the  inability  of 
the  worms  to  develop  where  moisture  is  lacking.  He  states  that 
in  his  observations  of  the  worms  hatched  from  ova  iu  the 
laboratory,  it  is  noticeable  that  the  moving  larvie  never  go  beyond 
the  confines  of  the  damp  excreta.  Whenever  the  head-end  of 
the  larva  protrudes  over  this,  it  is  immediatelj-  withdrawn  into  the 
damp  portion  again.  If  the  excreta  be  exposed  to  the  sun's  rays 
until  dry,  the  larvse  will  be  found  stretched  out  at  full  length 
and  dead.  In  order  to  ascertain  exactly  the  elfect  of  the  lack 
of  moisture  under  actual  conditions,  a  stretch  of  road  was  set 
apart  for  the  purpose  in  a  disused  portion  of  the  -lulia  mine,  at 
Heme.  The  temperature  of  the  road  was  constant  at  (Sl°  Fahr., 
and  it  was  almost  completely  dry.  The  faeces  of  worm-sick 
persons  were  deposited  here  and  observed  at  intei-vals,  the  experi- 
ments extending  over  a  period  of  about  -i  months.  In  every 
instance,  it  was  found  that  the  excrement  was  dried  up  into  a 
hard  mass,  which,  when  examined  under  the  microscope  yielded 
no  trace  of  AnJci/Iostoma-o\2i  or  larvs,  nor  did  any  development 
take  place  on  the  subsequent  addition  of  water.  Dr.  Wortmann 
declares  as  the  result  of  his  researches  that  "  the  larv*  cannot  bo 
developed  without  moisture,  and  where  the  larva?  are  partially 
develoi)ed  they  will  die  as  the  moisture  evaporates." 

The  third  condition  (darkness),  is,  of  course  a  constant  one 
at  every  colliery. 

On  July  12th,  1898,  an  order  was  issued  from  the  Koyal 
Department  of  Mineti,  at  Dortmund,  making  it  compulsory  to 
sprinkle  all  roads  and  working  places  in  German  mines,  with  a 
view  to  minimizing  the  danger  of  coal-dust  and  fire-damp  ex- 
plosions. This  measure  has  been  carried  out  with  the  thorough- 
ness characteristic  of  our  Gennan  neighbours.  It  is  effected  by 
means  of  pipes  which  ramify  all  over  the  collieiy,  and  are  fitted 
at  intervals  with  nozzles  to  which  may  be  attached  tubes  with 
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sprays.  These  distribute  the  water  in  tlie  torm  ot  a  Hue  mist, 
thoroughly  saturating  all  around  them.  In  some  of  the  large 
eollieries,  incredible  as  it  may  seem,  hundreds  of  miles  of  pipes 
have  been  laid.  In  working-places,  where  shots  are  to  be  fired, 
the  whide  neighbourhood  is  moistened  beforehand.  Xaturally, 
in  the  highly  inclined  seams  of  Westphalia,  the  resulting  water 
will  drain  into  the  lower  parts  of  the  mine.  As  a  matter  of  fact, 
an  elaborate  system  of  drainage  has  been  attempted  in  some  cases, 
leading  to  the  sump.  This  system  of  sprinkling  was  got  into 
full  operation  in  the  early  part  of  1900,  which  synchronizes  with 
a  remarkable  increase  of  the  disease.  The  number  of  cases  of 
ankylostomiasis  reported  during  the  last  seven  years  is  as  follows  : 
--189G,  lOr  cases;  1897,  ll:j  cases;  1898,  99  cases;  1899,  91 
cases ;  1900,  275  cases ;  1901,  1,080  cases ;  and  to  the  end  of 
October,  1902,  1,355  cases. 

In  1899,  Dr.  Tenholt,  in  his  yearly  repui-t,  expressed  the  hope 
that  they  were  within  measurable  distance  of  the  time  when 
the  disease  would  be  stampcid  out,  a  statement  which  the  figures 
given  above  justified  him  in  making.  However,  in  1900,  the 
number  of  cases  had  increased  threefold,  and,  in  his  report  for 
that  year,  Dr.  Tenholt  remarks  that  the  disease  had  re-appearetl 
in  many  pits  where  it  had  almost  been  eradicated,  a  striking 
phenomenon  which  needed  (Explanation.  The  Roj-al  Department 
of  !Mines  appointed  a  Commission  to  enquire  into  this  remarkable 
revival  of  the  parasite,  and  especially  to  consider  the  question 
whether  "the  recent  very  marked  extension  of  the  disease  is  in 
any  way  due  to  the  policy  of  sprinkling  the  mine-roads  in  order 
to  lay  the  dust,  and  how,  if  this  be  the  case,  the  danger  can 
be  met."  The  Commission  do  not  appear  to  have  arrived  at  any 
definite  conclusion,  but  they  advised  that  a  strict  investigation 
should  be  made  into  the  whole  matter.  Dr.  Tenholt  stated  before 
this  Commission  that  his  observations  left  no  room  for  doubt  that 
the  rapid  increase  in  the  number  of  cases  was  due  to  the  com- 
pulsory sprinkling  of  the  mine-roads.  He  said: — "This 
sprinkling  favours  the  spread  of  the  disease  in  two  ways.  In  the 
first  place,  the  fseces  which  may  be  lying  in  the  roads  are  diluted 
and  separated;  and  the  ova  are  given  a  certain  degree  of 
mobility.  Secondly,  the  eggs  are  washed  into  the  drains,  and 
thence  into  the  sump.  Thus,  into  the  sump  are  gathered  the 
infective  germs  that   have    emanated    from  the  workers   under- 
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ground,  or  at  least  a  jxniion  of  them,  in  partieulai,  fyplius  and 
dysentery  bacilli.  " 

At  one  colliery  at  least,  this  very  undesirable  water  was 
used  in  the  workmen's  baths,  with  the  not  surprising  result 
that  an  epidemic  of  typhus  followed.  Another  outbreak  was 
directly  attributable  to  contaniinat ion  of  drinking-water  by  pit- 
water.  But  the  chief  danger  lay  in  the  fact  that  this  sump- 
water  was  used  tor  the  sjirinkling  required  by  the  ^line  Depart- 
ment; and  surely  no  better  means  of  spreading  the  contagion 
coiild  have  been  devised.  Xot  only  does  it  provide  the  eggs  with 
the  moisture  necessarj-  to  (h^velop  the  larval  worm,  but  it  also 
provides  the  capsuled  larva*  with  a  vehicle  by  means  of  which 
they  can  reach  every  part  of  a  mine.  The  eifect  of  the  sprink- 
ling is  to  cover  all  the  roads  with  mud.  There  could  not  be 
a  better  hatching-ground  for  the  ova  of  the  Anki/losfoma  than 
warm  mine-mud.  If  the  eggs  fall  upon  dry  ground  or  coal-dust, 
they  speedily  die.  If  they  find  suitable  environment,  the  larva^ 
develop  after  2  to  4  days.  The  lai-vie,  in  their  tuin,  will  die  if 
they  cannot  get  moisture,  but  given  warm  and  damp  surround- 
ings they  develop  a  strong  skin  or  shell  which  is  capable  of 
resisting  water.  The  ova  and  the  uncapsuled  larvre  if  left  in 
water  will  die,  but  the  larvic  in  their  water-proof  jackets  are 
unaffected.  When  it  is  understood  that  only  the  capsuled  larva 
is  capable  of  developing  mature  worms,  and  that  only  in  the 
human  intestine ;  and  that  therefore  the  disease  can  only  become 
established  by  swallowing  the  capsuled  larva^,  not  through 
swallowing  eggs  or  uncapsuled  larva^,  it  will  be  readily  seen 
that  the  use  of  sump-water  for  sprinkling  purposes  is  attended 
with  grave  dangers.  The  laivie  having  in  some  way  got  into  the 
mouth  and  having  been  c(>nveyed  into  the  intestines  with  the 
food,  free  themselves  from  their  envelope  and  develop  the  adult 
worms,  male  and  female.  These  in  the  natural  course  produce 
eggs,  which  ai-e  ejected  with  the  fjeces.  The  eggs  are  washed 
into  the  drainage  of  the  mine,  develop  tlie  capsuled  lan-a>,  are 
brought  back  again  and  spread  about  the  roads,  and  in  this 
stage  are  liable  to  be  absorbed  by  the  workers.  Thns  the  cyrde 
goes  on  in  a  rapidly  increasing  ratio. 

Fp  to  the  middle  of  VM)2,  the  campaign  against  the  worm- 
disease  had  been  caiiied  on  cliiefly  by  the  officers  of  flic  Miners' 
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Greueral  Provident  Fund,  but  apparently  with  little  result,  as  the 
disease  was  increasing  in  a  very  alarming  manner.  Several  of 
the  large  collieries  were  veiy  seriously  hampered  in  their  opera- 
tions, and  they  appeared  to  think  that  the  measures  taken  by 
the  Miners'  General  Provident  Fund  were  not  coping  with  the 
situation  in  an  adequately  efficient  manner.  Thereupon  the 
Hibemia  and  Gelsenkirchen  companies  addressed  letters  to  the 
executive  committee,  pointing  out  the  serious  state  of  affairs  and 
urging  the  adoption  of  drastic  measures.  They  suggested  calling 
in  the  aid  of  some  institution  especially  established  for  the  study 
of  disease-germs  and  kindred  subjects.  The  executive  committee 
of  the  Miners'  General  Provident  Fund  thereupon  appointed  a 
special  committee  to  deal  with  the  whole  matter,  and,  if  possible, 
to  find  waj's  and  means  to  extirpate  the  pest.  The  committee  has 
been  sitting  at  intervals  since  that  date,  and  has  worked  vigorously 
on  tlie  lines  indicated.  The  first  sitting  was  held  on  September 
23rd,  1902,  and  the  following  general  measures  were  tlien 
advocated :  — 

1.  A  stricter  oversight  into  the  employment  of  the  underground  workers. 
Persons  who  are  worm-sick  shall  on  no  account  be  employed.  Such  persons 
as  have  been  apparently  cured  must  not  be  allowed  to  return,  to  work  under- 
ground, until  after  the  lapse  of  a  sufficient  time.  A  list  shall  be  prepared 
giving  the  names  of  all  affected  persons  and  of  the  colliery  where  they  are 
employed. 

2.  The  Order  of  the  Eoyal  Department  of  Mines  issued  on  March  12th. 
1900,  relative  to  the  provision  of  underground  closets,  must  be  strictly  carried 
out.  Tlie  ordinary  working  rules  must  be  stipplomcnted  in  order  to  ensure 
this. 

3.  Publicity  must  be  given  to  the  nature  of  the  disease,  and  the  danger 
which  it  threatens  to  the  mining  industry.  To  effect  this,  placards  must 
be  posted  at  the  collieries,  and  the  officials  must  verbally  instruct  the  work- 
people. Circulars  must  Ije  distribxited  among  the  miners,  written  in  short 
and  simple  language  that  the  men  can  understand. 

4.  The  whole  of  the  workpeople  at  an  infected  colliery  must  undergo  a 
medical  investigation — if  possible  at  the  colliery  itself.  Tliose  men  who 
are  found  to  be  attacked  must  be  isolated. 

5.  Sprinkling  must  be  carried  out  by  water  other  than  siunp-water. 

6.  A  reward  is  offered  for  the  discovery  of  a  cheap  and  practicable 
germicide,  which  can  be  mixed  with  the  sprinkling  water  in  order  to  kill 
tli.^  eggs  and  larvse.  The  Gelsenkirchen  Institute  will  l)e  asked  to  assist  in 
this  matter. 

7.  A  map  shall  l)e  prejiared  showing  in  colours  the  infected  collieries, 
and  giving  particulars  of  the  number  of  cases  reported  at  each  one. 

As  regards  the  first  recommendation,  there  liad  been  a  con- 
siderable difference  of  opinion  as  to  the  method   of  detecting 
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those  persons  who  are  "  worin-siek."  I  p  to  llie  api)ointineni  of 
the  (oiuniittee  by  the  Miners"  (jeneial  ProvichMit  Fund,  the  usiuil 
procedui-e  had  been  for  the  chief  medical  olticer  of  tliat  institution 
to  visit  the  various  collieries  and  iusi)ect  the  underji-round 
workers.  Such  men  as  from  their  paleness  and  anu'mic  a])]>ear- 
ance  were  suspected  of  havino-  the  disease  were  picked  out,  and 
subjected  to  a  proper  examination  in  hospital.  This  method  of 
diagnosis  was  stronglj'  disapproved  of  by  Dr.  13runs.  He  ad- 
vocated the  microscopical  examination  of  the  fa'ces  of  every 
])erson  employed  underground  at  an  infected  collieiy,  irrespective 
of  their  appearance.  Dr.  Tenholt  divided  sufferers  from  the 
worms  into  two  classes,  "  worm-sick "  and  ""  worm-aifected.' 
"  AVorm-sick  "  persons  he  de'fines  as  "those  persons  who,  in  con- 
sequence of  the  presence  of  the  paiasites  in  their  intestines, 
exhibit  outward  signs  of  poverty  of  blood."  "  W'oi  ni-aif(Mte(l  '" 
persons  he  distinguishes  from  the  former  class  as  those  "  who,  in 
spite  of  the  presence  of  the  parasites,  do  not  exhibit  an}-  visible 
symptoms  of  the  disease- :  partly  on  account  of  their  greater  powers 
of  resistance  ;  partly,  and  princijjally,  because  of  the  small  number 
of  ova  which  they  have  swallowed  and  the  correspondingly  small 
number  of  adult  worms.  Such  people,  if  they  do  not  take  in  any 
new  infection,  may  remain  well  for  a  lifetime,  and.  unless  the 
worms  are  expelled  by  a  vermifuge,  they  will  eveutuallj'  die  of 
themselves.'"  Dr.  Bruns  takes  exception  to  this  distinction,  and 
insists  on  the  importance  of  removing  from  the  collieries  every 
person  in  whose  faeces  eggs  are  detected,  and  this  he  states  can  only 
be  done  with  the  aid  of  the  mici-osc(ii)e.  Tie  further  states  that 
it  is  only  a  question  of  time  and  then  the  '*  worm-attected  "  will 
l)ecome  the  "worm-sick""  person,  and.  in  the  nicanlinie,  he  is  a 
source  of  contagion  to  all  round.  A  single  motion  of  a  worm- 
sick  person  may  contain  many  thousands  of  eggs,  without  any 
symptoms  of  illness  being  apparent  in  the  sutt'erer. 

When  eggs  are  discovered  in  the  fteces,  the  affected  man  is 
sent  into  hospital,  where  a  vermifuge  is  administered  to  expel 
the  worms.  The  usual  medium  in  Westphalia  is  extract  of  male 
fern  in  large  doses.  The  etfect  of  male  fern  is  very  severe,  and 
where  the  patient  is  much  weakened  by  the  worms,  may  cause 
collapse.  Cases  of  blindness  are  also  stated  to  have  arisen 
through  its  use.  Dr.  Haldane.  in  his  report,  states  that  where 
niale  fern  failed  to  expel  any  worms  the  j)atient  was  successfully 
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treated  with  thymol.*  Tlie  doctors  at  Liege  prefer  male  fern  to 
thymol,  and  administer  it  in  the  more  palatable  form  of  an 
pnmlsion.t 

The  eit'eet  of  the  parasite  upon  individuals  varies  consider- 
ablj'.  Dr.  Leichtenstern  stated  that  the  extent  of  the  anaemia 
varies  as  ntir :  that  is,  the  paleness  caused  by  the  worms  is 
proportional  to  the  number,  n,  of  the  worms  in  the  intestines, 
to  the  time,  t,  during-  which  the  worms  have  lived  in  the  body, 
and  in  inverse;  pioportion  to  the  individual  resistance,  /•,  to  loss 
of  blood.  The  resistance  of  the  individual  is  an  unknown 
quantity,  and  some  men  can  withstand  the  ravages  of  the  parasite 
without  visible  anaemia,  while  others  succumb  easily.  Xeverthe- 
less,  these  men  are  each  a  focus  of  infection,  and  this  fact  has 
now  received  official  recognition.  An  order  has  been  issued  from 
the  Eoyal  Department  of  Mines,  to  become  operative  from  August 
1st,  1903,  to  the  following  effect  :  — 

1.  The  owner  of  every  colliery  shall,  at  his  own  cost  and  within  2  months 
of  the  date  of  this  regulation,  cause  at  least  20  per  cent,  of  the  underground 
workers  to  l>e  submitted  to  examination  by  a  doctor  nominated  by  the 
Government  as  to  the  presence  of  A  nl-i/Iosfo7na-ova   in   their  faeces. 

2.  The  20  per  cent,  are  to  be  drawn  as  far  as  jjossible  from  the  damp 
and  %varmcr  parts  of  the  mine,  and  are  to  include  representatives  of  all  classes 
nf  workmen  and  not  less  than  20  per  cent,  of  each  class,  including  the  officials. 

3.  No  workman  shall  be  employed  Tintil  he  has  been  examined,  or  unless 
he  can  produce  a  certificate  to  the  effect  that  he  has  submitted  himself  for 
examination  within  the  last  fortnight,  and  that  no  ova  were  detected  in  his 
faeces.     A  further  examination  must  be  made  after  the  lapse  of  6  weeks. 

4.  The  name  and  address  of  the  doctor  shall  be  posted  up  on  the  pit-bank. 

5.  Failure  to  comply  with  this  order  is  punishable  by  a  fine  of  £15. 

The  disease  is  easily  amenable  to  treatment  in  its  earlier  stages, 
biit  if  the  worms  are  not  expelled,  rapidly  assumes  a  serious 
aspect.  Dr.  Tenholt's  researches  corroborate  the  statement  made 
by  Dr.  Haldane,  that  the  ill  effects  are  not  due  to  any  decrease  in 
the  volume  of  the  blood,  but  to  an  alterati(m  in  its  character. 
Dr.  Tenholt  says  that  the  worms  secrete  a  poison,  with  which  they 
inoculate  the  body,  and  all  depends  on  the  capacity  of  resistance 
possessed  by  the  sufferer.  Unless  the  worins  are  expelled,  the 
victim  becomes  generally  weakened,  with  a  bloodless  appearance, 

*  Loe.  cit.,  page  5. 

t  The  emulsion  is  composed  of  8  parts  of  fresh  male  fern  and  2  parts  of 
chloroform  witli  the  addition  of  1 10  parts  of  aniseed  and  peppermint  syrup.  Iji 
this  form  it  is  readily  taken  by  the  patients. 
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and  dropsy  niaj^  set  in,  which  sooner  or  later  ends  fatally.  After 
the  worms  have  been  present  for  a  certain  time,  it  is  not  possible 
to  effect  a  cm-e,  even  if  they  are  completely  eradicated.  The 
sutferers  die  through  various  organic  diseases  supervening  on 
degeneration  of  the  muscles  of  the  heai-t.  Everj-  case,  therefore, 
of  ankylostomiasis  must  be  regarded  as  serious,  and  treated 
accordingly.  Xo  cases  of  the  disease  have  occurretl  among 
svomen  or  children,  excepting  in  the  case  of  a  boy,  1^  years  old, 
\\'ho  had  been  in  the  habit  of  tinishing  the  bread  and  butter 
which  his  father  sometimes  brought  back  with  him  from  work, 
and  had  in  this  way  contracted  the  disease.  This  statement  is 
disputed  by  Drs.  Iberer,  sen.  and  jun.,  in  respect  of  the  condition 
of  the  population  in  the  neighbourhood  of  Anina-Steierdorf,  in 
Hungary,  where  they  declare  that  the  whole  population  is  more 
or  less  aifected  by  the  worm-disease.  Further  reference  will 
be  made  to  the  statements  of  these  doctors  in  a  later  jiortion 
of  this  paper. 

With  reference  to  the  second  paragraph  in  the  recommenda- 
tions of  the  committee,  an  order  was  issued  hj  the  Royal 
Department  of  Mines,  on  March  12th,  1900,  compelling  the 
colliery-owners  to  provide  closets  in  the  mines.  The  order 
specifies  that  a  sufficient  number  of  closets  must  be  provided 
for  the  requirements  of  the  men,  the  closets  must  be  provided 
with  covers,  and  so  constructed  as  to  be  easily  transportable :  that 
is,  capable  of  being  placed  in  a  tub. 

The  colliery-owners  have  shown  great  promptness  in  carrying 
nut  this  order,  but  it  will  be  readily  understood  that  the  task 
has  beeu  both  costly  and  disagreeable.  The  closets  are  placed 
in  suitable  positions  all  over  the  mine,  and  require  to  be  collected 
and  conveyed  to  the  surface,  where  the  contents  are  buried, 
involving  a  large  amount  of  special  labour.  Men  have  to  be 
employed  solely  for  this  purpose,  and  to  cleanse  and  disinfect  the 
receptacles.  There  is  no  need  to  enlarge  upon  the  obvious  un- 
pleasantness connected  with  this  work.  The  official  staff  of  the 
colliery  are  made  responsible  for  the  proper  carrying-out  of  the 
order,  and  any  remissness  on  their  part  is  punished  by  fines. 
At  the  Shamrock  colliery,  when  all  the  men  are  down,  there  is 
a  closet  for  every  4  persons,  and  similar  arrangements  are  being 
iiitiodiiced  at  other  collieries. 

33 
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The  inspectors  of  mines  liave  also  done  eveiytliino'  possible  to 
ensure  the  carrying-out  of  the  regiilation.  They  appear  at 
the  collieries  at  all  hours,  without  any  previous  intimation  :  they 
descend  the  shafts  unattended  by  either  officials  or  workmen, 
and  search  the  mine-roads  in  every  direction  for  anything  con- 
traiy  to  the  regulations. 

But,  although  the  colliery-owners  and  the  inspectors  of  mines 
have  done  all  that  is  possible,  the  workmen  have  not  don.e  so. 
On  the  contrary,  they  have  resented  the  order,  and  when  possible, 
have  avoided  compliance  with  it.  This  particularly  applies  to 
foreign  and  ignorant  workmen.  In  his  evidence  before  the  com- 
mittee, Dr.  Tenholt  said: — "I  believe  that  scarcely  half  the 
workers  use  the  closets,  unless  they  are  very  strictly  watched.  I 
have  myself  seen  recent  evacuations  left  in  the  water-drain  in  the 
immediate  neighbourhood  (perhaps  10  paces  away)  of  a  good  and 
clean  closet."  In  some  cases,  the  closets  have  even  been  wilfully 
damaged.  Very  drastic  measures  have  been  adopted  to  deal  with 
such  deplorable  stupidity,  and  men  who  are  detected  are  severely 
dealt  with  by  the  law.  A  very  commendable  departure  has  been 
made  bj-  the  Gelsenkirchen  Company  at  the  Erin  colliery,  where 
the  disease  has  a  strong  hold.  They  have  erected,  at  a  cost  of 
£600,  a  system  of  surface-closets.  They  are  constructed  on  what 
is  known  as  the  "  cell ""  system.  Each  cell  is  separated  by 
granite-walls  and  provided  with  an  eSectual  flushing-apparatus. 
They  are  designed  with  a  view  to  the  utmost  cleanliness  and 
freedom  from  odour,  and  are  under  strict  supervision.  The 
closets  are  willingly  taken  advantage  of  by  the  men,  to  tJie 
obvious  improvement  of  the  sanitarj^  condition  of  the  mine  itself. 

Following  the  recomiuendation  of  the  committee,  a  large 
amount  of  literature  has  been  distributed  among  the  mining  com- 
niiinity,  including  150,000  circulars  giving  simj)le  instruction  as 
to  the  symptoms  and  dang-er  of  the  disease.  A  map  has  also  been 
prepared,  showing  the  position  of  the  infected  mines,  and  a  glance 
at  it  gives  a  graphic  idea  of  what  a  xevy  great  hold  the  parasite 
has  obtained  in  the  Westphalian  coal-tield. 

The  advice  of  the  committee  relating  to  the  water  to  be 
used  for  sprinkling  has  also  been  generally  acted  upon,  and  the 
use  of  sump-water  has  been  gradually  discontinued,  clean  water 
being  brought  into  the  pit  for  that  jnirpose. 
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The  question  of  the  continuance  of  the  sprinkling  order  \ras 
raised  in  the  Prnssiau  Parliament  in  Fehruary.  191).'..  The 
Minister  of  rommerce  stated  that  the  retrulation  had  achieved 
the  purpose  intended,  and  that  no  explosions  had  occurred  since 
its  introduction:  he  could  not  therefore  hold  out  any  hope  of  a 
withdrawal:  and  he  advised  that  no  more  water  should  be  used 
than  was  necessary  to  eifect  the  ol)ject  in  view,  namely,  to  damp 
the  dust. 

Seeing,  therefore,  that  the  sprinklino-  order  was  a  factor  that 
would  always  have  to  be  enforced,  the  committee  have  been 
energetically  engaged  in  the  search  for  a  material  to  mix  with  the 
sprinkling  water,  as  stated  in  paragraph  6  of  their  recommenda- 
tions. Many  and  various  substances  have  been  proposed,  among 
them  chloride  of  lime,  permanganate  of  potash,  sulphate  of 
copper,  sulphuric  acid  and  carbolic  acid,  but  no  really  satisfactory 
germicide  has  yet  been  discoveied.  Considerable  iise  has  been 
made  of  a  mixture  of  lime  and  water  (1  part  of  lime  to  4  parts 
of  water)  and  the  roof  and  sides,  the  timber,  and  the  ladders 
in  the  inclines  have  been  thickly  limewashed.  The  chief 
objection  to  the  use  of  lime-water  is  that  it  coats  up  the  interior 
of  the  pipes  and  blocks  up  the  sprays  :  and,  after  all,  its  effective- 
ness as  a  disinfectant  is  doubtful.  It  has  been  suggested  that 
the  mixture  should  be  distributed  from  an  ordinary  water-tub,  in 
the  same  manner  that  the  roads  were  watered  before  the  intro- 
duction of  the  sprinkling  order.  But  even  the  use  of  lime-water 
(and  this  is  the  cheapest  of  the  suggested  germicides)  is  costly, 
because  in  order  to  be  really  eifective  it  requires  freciuent  and 
renewed  applications.  Dr.  Tenholt  states  that  a  place  is  only 
disinfected  when  it  is  "  covered  and  permeated  with  the  dis- 
infectant. The  mud  can  only  be  rendcicd  innocuous  by 
thorough  drenching." 

It  is  really  not  a  simple  matter  to  tind  a  substance  which  will 
kill  the  ova  and  larvse  of  the  Ankylostoma  (which  in  its  capsuled 
stage  can  survive  the  action  of  the  digestive  juices  in  the 
hiiman  stomach),  and  at  the  same  time  l>e  admissible  under  the 
physical  conditions  prevailing  in  coal-mines.  Some  of  the  sub- 
stances proposed  could  not  be  used  underground,  because  of  their 
odour  and  their  irritant,  corrosive  properties;  while  the  cost  of 
others  is  prohibitive.  But  a  really  effective  disinfectant  must  be 
fdiuid.  for  it  has  beconie  an  urirent  necessity. 
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The  committee  sent  Dr.  La'bkor  to  Jireniiburg  colliery,  in 
Hungary,  where  the  pest  has  been  very  successfully  foiTght,  in 
order  that  he  might  study  the  methods  used.  This  colliery  is 
described  as  being  very  hot  and  damp  throughout.  It  has  been 
infected  with  the  disease  for  over  80  years,  the  original  infection 
having  been  brought  by  Italian  woikmen  after  the  completion  of 
the  St.  Gothard  tunnel,  where,  as  stated  bj*  Dr.  Haldane,  the 
disease  first  came  into  prominence  in  Europe.  In  1S9().  85  per 
cent,  of  the  men  were  worm-aifected,  but,  following  on  the 
measures  adopted,  a  very  gratifying  diminution  has  taken  place. 
In  1(S98,  the  percentage  of  afi'ected  men  had  fallen  to  47  per 
cent. ;  in  1899,  to  20  per  cent. ;  in  1900,  to  28  per  cent. :  in  1901, 
to  12  per  cent.,  and  in  1902  onlj'  8  ]>er  cent  were  reported.  In 
1897,  horse-haulage  was  discontinued,  as  it  was  thought  that 
the  horses  were  infested  by  the  worms.  This  has  since  been 
proved  to  be  a  mistake,  as  the  worms  only  attack  human  beings. 
Possibly,  however,  the  abandonment  of  horse-traction  had  some- 
thing to  do  with  the  result  mentioned,  because  there  is  no  doubt 
that  the  horses  stir  up  and  distribute  the  mud,  which  is  ihe 
natural  hatching-ground  of  the  parasite.  It  is  also  stated  that 
the  ova  develop  rapidly  in  the  dung  of  horses.  In  consequence 
of  the  heat,  the  men  require  a  quantity  of  liquid  refreshment,  about 
7  quarts  per  man  per  shift  on  the  average.  It  is  not  possible 
on  account  of  the  heat  for  the  men  to  bring  drink  with  them. 
Therefore  the  management  have  brought  cool  drinking-water 
down  the  shaft  from  a  spring  on  the  surface  to  certain  stations 
in  the  mine.  Young  boys  are  employed  to  convey  the  water  to  the 
men  in  little  casks.  The  water  is  mixed  with  lemon-juice,  in  order 
to  render  it  more  palatable  and  to  diminish  the  tendency  to  catarrh 
of  the  stomach,  which  the  absorption  of  so  much  water  creates.  Dr. 
Goldmanu,  the  doctor  at  Brennburg.  is  of  opinion  that  1  per  cent, 
of  lemon-juice  combined  with  the  ga.>tric  juice  will  kill  the  cap- 
suled larvae  before  they  pass  out  of  the  stomach,  but  experiments 
which  have  been  made  at  the  laboratories  of  the  Liege  and  Gelsen- 
kirchen  Institutes  do  not  corroborate  this  opinion.  The  men  are 
also  given  Indian  cane  (calamus-root)  to  chew.  The  underground 
workers  have,  moreover,  been  examined  at  regular  inteivals  by 
means  of  the  microscope,  and  lime-Avater  has  been  liberally  used. 
The  gratifying  result  of  these  measures  is  not  to  be  attributed  to 
anv  one  of  them  alone,  but  to  the  combination  of  them  all.       As 
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oin-  result  of  Dr.  La'bker's  jouruey  lemoii-watL'r  is  now  jirovided 
at  some  of  the  AVestphalian  collieries. 

Au  article  recently  appeared  iu  the  Munich  Midicdl  Wnkly, 
contributed  by  Drs.  Iberer,  sen.  and  jun.,  the  medical  officers  of 
the  Aiistro-Hungarian  State  Railways,  based  upon  their  obser- 
vations in  the  Anina-Steierdorf  distiict  of  Hungary'.  In  the 
course  of  these  obsei-vations,  they  have  conducted  20  post-mortem 
examinations  of  miners,  and  also  on  horses  and  mine-rats,  and 
have  made  repeated  experiments  with  mine-mud  and  pit-water. 
The  authors  of  this  article  are  of  the  opinion  that  the  ankylos- 
tomiasis found  among  brick-makers  is  an  entirely  diiferent  type 
from  that  found  underground.  They  say  that  brick-field 
ankylostomiasis  requires  sunlight  for  its  development,  while  on 
the  other  hand  the  absence  of  light  is  one  of  the  conditions  neces- 
sary to  develop  the  lain-ae  of  the  Anki/Iostonui  found  in  mines. 
Hut  the  most  impoi'tant  of  their  conclusions  is  that  this  worm  is 
not  confined  to  underground  workers,  which  is  the  generally 
adopted  opinimi  iu  Westphalia.  They  state  that  in  the  low-lying 
district.-;  of  the  ])anube  and  Theiss,  the  worm  is  a])parently  en- 
demic amcmg  the  natives.  The  worms  have  been  found  in  j)ersons, 
who  had  never  worked  at  a  collieiy,  nor  even  been  outside  the  con- 
tines  of  their  native  village,  and  in  men  who  had  been  employed  all 
their  lives  as  shepherds  on  the  Alps.  The  worms  do  not  appear  t« 
cause  their  unconscious  hosts  any  inconvenience,  or  to  affec;t 
their  health  prejudicially.  Many  of  them  are  well-niuiiished, 
in  complete  possession  of  their  bodily  vigour,  neither  strikingly 
pale  nor  unfit  for  work,  and  when  informed  that  they  wei c  infected 
by  the  worms  shook  their  heads  incredulcmsly.  The  authors  state 
that  they  have  examined  soldiers  just  returned  Ironi  :i  yeais"  mili- 
tary seiwice,  and  discharged  as  "medically  examined  and  cei-ti- 
fied  sound  "■  and  yet  these  ex-soldiers  were  affected.  Servians 
and  Bulgarians  who  had  never  previously  been  within  20  miles  of 
a  colliery  or  a  brickfield,  had  Aiik-i/lostoiiuf-ovix  in  their  fa>ces.  The 
authors  express  the  opinion  that  heat  and  moisture  alone  are  not 
sufficient  to  cause  the  disease  to  assume  an  epidemic  character, 
and  that  where  it  does  so  unsanitary  conditions  are  present.  For 
this  reason  they  attach  little  importance  to  experiments  made  in 

the  laboratory. 

It  is  possible,  however,  that   the  rwison  why  no  symptoms  of 
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illness  make  their  appearance  in  the  country-people  named  by 
the  Urs.  Iberer  is  that  the  a\  orms  are  not  present  in  large  numbers. 
Many  of  the  patients  treated  in  Germany  have  i>arted  M'ith 
200  to  300  worms,  and  the  patient  treated  by  Dr.  Haldane  at 
Dolcoath  mine,  was  relieved  of  2()0  worms,  evidence  of  the  fact 
that  he  must  have  swallowed  just  so  many  capsuled  larvje.  Where- 
ever,  then,  tlie  physical  conditions  are  favourable  to  the  develop- 
ment of  the  ova  the  disease  will  assume  the  epidemic  character. 
l)r.  Bruns  lays  great  stress  on  this  point,  which  he  names  the 
"  disposition  to  receive  infection."  The  question,  therefore, 
that  chiefl}'^  concerns  the  British  mining-  engineer  is  Avhether 
there  are  collieries  in  Great  Britian  which  possess  this  "  dis- 
])()sition." 

A  reference  to  the  recently-published  First  Keport  of  the 
Roijdl  Commission  on  Cool  Supplies  will  afford  evidence  of  many 
collieries  in  Great  Britain  which  possess  one  of  the  conditions  that 
go  to  make  up  the  disposition  to  infection,  that  is  heat.  In  Mr.  H. 
liramall's  evidence  on  the  deep  workings  at  Pendleton  collierv, 
temperatures  are  mentioned  varying  betAveen  (i4°  and  93°  Fahr. : 
and  at  Agecroft  collierv,  from  (i;)°  to  84°  Fahr. ;  also  other  evi- 
dence was  given  of  high  temperatures  in  the  Xortli  Stalfordshire 
coal-field. 

As  the  more  shallow  seams  become  exhausted,  and  deeper 
winnings  are  made  mine-temperatures  will  increase.  So  long  as 
moisture  is  absent,  however,  heat  alone  will  not  favour  ankylos- 
tomiasis, on  the  contrary  indeed.  It  is  obvious,  therefore, 
that  if  liritish  mining  engineers  wish  to  keep  the  collieries 
free  from  this  plague,  they  must  watch  very  carefully  any 
legislation  aiming  at  introducing  sprinkling  on  the  same 
scale  as  that  adopted  in  Germanj*.  It  is  reassuring  to  notice 
that  the  possibility  of  the  introduction  of  the  disease  into  our 
collieries  is  attracting  the  attention  of  those  in  authority.  The 
Sanitary  Committee  of  the  Glamorganshire  Count}'  Council  have 
instructed  their  Medical  Officer  to  prepaie  handbills  in  English 
and  Welsh,  for  distribution  among  the  miners,  explaining  the 
symptoms  of  the  disease.  They  have  also  issued  a  circular  to 
medical  men  in  the  county,  stating  that  they  have  made 
arrangements  for  microscopical  examinations  at  the  County- 
Laboratorv. 
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A  most  regrettable  featuro  of  Iho  epidemic  iu  AVestplialia 
is  the  friction  wliicli  has  taken  place  between  the  colliery-owners 
and  their  workpeople.  The  workmen  state,  with  veiy  little 
justification,  that  the  owners  are  responsible  for  the  present 
serious  state  of  aiiairs,  and  wish  to  lay  upon  their  shoulders  the 
whole  of  the  onus  and  financial  burden  which  has  been  incurred 
The  men  also  resent  any  interference  with  their  personal  liberty 
One  of  the  principal  causes  of  the  spread  of  the  infection  has 
been  the  frequency  with  which  the  men  have  changed  the  i)lace 
of  their  employment.  They  move  from  collieiy  to  colliery,, 
carrying  the  worms  with  them  and  spreading  the  infection  broad- 
cast, and  every  attempt  to  restrain  this  moving  about  has  been 
resistetl  by  the  men.  Another  source  of  disaffection  is  that  ever\ 
man  who  seeks  work  at  a  colliery  must  produce  a  medical 
certificate  of  his  freedom  from  worms.  This,  of  course,  has  to 
be  paid  for,  and  the  men  saj*  that  in  addition  to  their  liberty 
of  removal  being  interfered  with,  thej-  are  put  under  a  financial 
disability.  Further,  the  sickness  caused  by  the  worms  has  put 
a  severe  drain  upon  the  funds  of  the  Miners'  General  Provident 
Fund,  apart  from  the  expenditure  incurred  in  the  measures  takeu 
against  the  disease. 

The  colliery-owners  have  expended  money  lavishly,  and  may 
have  to  spend  still  more ;  one  coUieiy-company  has  disbursed  over 
£l"J,-j()()  in  measures  against  the  disease.  Altogether  the  serious- 
ness of  the  position  cannot  be  exaggerated,  and  it  behoves  all 
who  are  in  any  way  interested  in  the  matter  to  use  every  effort 
to  prevent  its  further  spread  in  Great  Britain,  its  introduction 
being  an  accomplished  fact.  If  the  disease  were  to  obtain  a  hold 
in  this  country,  the  disagreeable  experiences  of  our  German 
neighbours  would  repeat  themselves  to  a  greater  or  less  extent 
here. 

There  is  also  the  contingency  that  incapacity  caused  by  the 
worm-disease  might  be  held  to  constitute  a  claim  under  the 
Workmen's  Compensation  Act,  seeing  that  the  disease  was  con- 
tracted in  the  course  of  their  employment.  This,  of  course  is  a 
moot  point,  on  which  the  writer  would  prefer  not  to  express  an 
opinion;  biit,  if  it  were  held  that  the  disease  entitled  a  workman 
to  compensation,  it  would  be  a  most  serious  matter,  as  the  follow- 
ino-  fio-ures  will  show.     If  the  average  wage  of  all  descriptions 
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of  uiuleigioiiiid  workmen  be  taken  at  i-'l  lUs.  per  week,  and  10 
per  cent,  of  the  underground  workmen  at  a  collieiy  numbering 
in  all  1,000  were  incapacitated,  100  men  would  be  in  the  receipt 
of  15s.  per  week.  This  would  mean  a  weekly  liability  of  £75, 
which  on  an  output  of  say  7,000  tons  would  amount  to  2h\.  per  ton. 
The  experience  of  some  German  collieries  has  been  that  they  have 
had  considerably  over  20  per  cent,  of  their  men  laid  off,  and  this, 
of  course,  entails  a  burden  of  double  this  amount,  besides  the 
loss  of  tonnage  caused  by  the  services  of  the  sick  men  not  being 
available.  Altogether  the  question  is  attended  with  most  serious 
possibilities,  and  although  the  writer  does  not  wish  unduly  to 
magnify  the  loss  and  inconvenience  which  would  result  from  the 
spread  of  the  disease  in  Great  Britain,  it  would  undoubtedly 
be  a  very  serious  matter. 

The  provision  of  a  portable  closet  for  every  10  men,  would, 
in  the  case  of  the  colliery  employing  1,000  underground  work- 
men, entail  the  purchase  of  100  closets,  costing,  sa}-,  £200,  at 
£2  each.  Assuming  that  it  required  the  services  of  10  men 
daily  to  deal  with  the  removal  and  emptying  of  tJiese  closets, 
taking  their  wages  at  £1  13s.  per  week,  the  working  cost  would 
amount  to  £16  10s.  per  week.  There  would  also  be  other 
expenses  in  connection  with  medical  examinations,  so  that  the 
possibility  of  an  increased  cost  of  something  approaching  (Id. 
per  ton,  due  to  a  serious  outbreak  of  this  disease,  may  be  regarded 
as  by  no  means  unlikely. 

In  conclusion,  ankylostomiasis  is  essentially  a  dirt-disease, 
and  no  doubt  had  its  origin  in  uncleanly  habits  in  tropical 
countries.  Therefore,  the  obvious  preventative  is  cleanliness,  and 
the  improvement  of  the  sanitary  conditions  underground.  Many 
miners  are  ignorant,  or  wilfully  unmindful,  of  the  elementaiy 
laws  of  hygiene ;  and  it  is  at  least  desirable  to  lessen  the  re- 
prehensible and  altogether  unnecessary  habit  of  leaving  infectious 
matter  lying  in  roads  and  places  where  it  is  likely  to  be  disturbed 
by  the  traffic  of  the  mine.  This  is  the  first  and  prime  cause  of 
the  spread  of  the  disease,  and  men  ought  to  educate  themselves  to 
attend  to  the  needs  of  nature  at  home. 

It  is  further  desirable  that  the  medical  men  emploj-ed  in 
connection  with  Miners'  Permanent  Eelief  Funds  and  kindred 
institutions  should  be  on  the  watch  for  suspicious  symptoms, 
especially  in  foreigners. 
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It  is  perhaps  a  trite  saying  that  prevention  is  better  tlian 
cure,  but  it  is  a  proverb  exactly  applicable  to  the  danger  to  be 
apprehended  from  this  jnost  nnwelcome  intruder,  who,  as  tlie 
Germans  have  discovered  to  their  sorrow,  is  more  easily  admitted 
than  dislodged. 

Dr.  J.  S.  Haljjaxe  (Oxford)  wrote  that  Mr.  (jrray  Jiad  given 
a  clear  and  valuable  account  of  the  outbreak  of  ankyl(»stomiasis 
in  the  Westphalian  collieries.  At  the  reciuest  of  the  Home 
iSecretary  he  went  to  Westphalia  at  tlie  end  of  September  to 
report  on  the  subject,  and  from  personal  observation  he  could 
confirm  Mr.  Grray's  statements. 

With  regard  to  watering,  the  evidence  was  certainly  strong 
that  the  very  thorough  German  system  had  greatly  favoured 
the  spread  of  ankylostomiasis.  At  the  same  time  it  must  be 
borne  in  mind  that  even  without  watering,  ankylostomiasis 
might  become  very  serious  at  collieries.  The  Belgian  collieiy-- 
district  round  Liege  appeared,  for  instance,  to  be  more  aifected 
than  Westphalia,  though  there  was  no  watering  underground. 
Intake  and  main  haulage-roads,  where  systematic  watering  was 
perhaps  most  desirable,  had  commonly  a  tempeiature  of  under 
70°  Fahr.,  so  that  watering  could  probably  be  carried  out  along 
them  without  appreciably  increasing  the  risk  of  ankylostomiasis. 
In  any  case,  he  thought  that  the  risk  of  that  disease  ought  not 
to  be  allowed  to  weigh  veiy  heavily  against  any  measure  which 
seemed  really  needed  to  prevent  such  serious  disasters  as  colliery- 
explosions.  Ank^-lostomiasis  could  be  easily  treated  and  cured, 
and  with  proper  supervision  no  man  ought  to  be  allowed  to 
become  even  temporarily  incapacitated  by  it;  whereas  the  loss 
of  life  from  a  colliery-explosion  was  irreparable. 

The  German  system  of  examining  every  man  (•iiij)l((yeil.  and 
treating  in  a  special  hospital  every  man  fouml  to  be  infected, 
had  certainly  proved  efficacious,  to  judge  by  hgures  recently 
supplied  to  him  (IJr.  lialdane)  through  the  courtesy  of  the 
inspectors  of  mines  in  Westphalia.  This  system  liad,  bowever, 
entailed  serious  expense  to  colliery-companies,  and  very  sub- 
stantial loss  in  wages  to  the  men.  As  to  the  latter  point,  it  must 
be  remembered  that  the  very  great  majority  of  the  men  laid  up  in 
hospital  had  not  the  slightest  symptom  of  illness,  although  they 
had  a  certain  number  of  worms  in  their  intestines. 
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Tlie  one  great  lesson  to  be  learnt  from  the  outbreaks  on  the 
Continent  and  in  Cornwall  was  that  there  is  urgent  necessity  for 
making  such  regulations  and  provisions  in  British  mines  that 
pollution  of  the  ground  by  human  faeces  shall  be  effectually  pre- 
vented. To  attain  this  end  careful  attention  to  practical  details 
will  certainly  be  required,  but  he  scarcely  thought  that  the 
expense  need  amount  to  anything  at  all  serious. 

If  all  men  who  showed  any  symptoms  of  the  disease  were  told 
that  they  could  not  be  allowed  to  work  underground  until  they 
had  been  treated,  no  serious  cases,  and  consequently  no  questions 
of  compensation,  could  occur.  The  treatment  could  be  carried 
out  at  home,  and  need  not  imply  any  loss  of  work.  He  trusted, 
however,  that  such  eifectual  sanitary  improvements  would  be 
carried  out  in  British  collieries,  in  the  near  future,  as  to  exclude 
ankylostomiasis  elfectualh'. 

The  Presidext  (Mr.  H.  B.  Xash),  in  proposing  a  vote  of 
thanks  to  Mr.  Gray,  said  that  the  subject,  at  the  present  time, 
was  being  seriously  considered  by  the  Secretary  of  State,  and 
by  others  interested  in  mining,  because,  as  had  been  well  said, 
prevention  was  better  than  cure.  Mining  engineers  ought, 
therefore,  to  take  any  reasonable  step  towards  preventing  what 
might  be  a  source  of  serious  liability  in  the  future,  with  deeper 
mines  and  higher  temperatures.  Much  that  had  been  said  of 
the  great  spread  of  the  disease  in  Germany  was  true,  but  the 
members  must  consider  that  the  German  mines  "  with  all  due 
respect  to  their  engineers  ''  were  not  so  well  ventilated  as  those  in 
Great  Britain.  If  they  were,  he  did  not  think  that  there  would 
be  the  same  liability  to  the  spread  of  this  disease.  Any  member 
who  had  been  in  Germany  knew  that  the  mines  had  splendid 
surface-eqiiipments ;  but,  if  more  money  had  been  spent  in 
making  larger  airways  and  thereby  increasing  the  volume  of  air 
passing  through  them  and  reducing  the  high  temperatures,  the 
disease  would  not  have  become  so  prevalent  as  had  been  the  case. 

Movable  closets,  which  could  be  readily  cleansed  and 
thoroughly  disinfected,  placed  in  suitable  recesses  near  the  pit- 
bottom  and  passbyes,  might  be  adopted  with  advantage  if  the 
men  could  only  be  induced  to  use  them  ;  but  iinless  thej-  were 
properly  attended  to,  and  plenty  of  strong-smelling  disinfectants 
used,  they  might  soon  become  a  greater  nuisance  than  the  present 
arrangements,  detective  as  they  are  admitted  to  be. 
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The  prefvention  of  this  diseaso  from  obiaiiiin«i-  a  foothold  in 
liiitish  mines  depends  entirely  U})on  the  hal)its  and  eli'auliuess 
of  the  men,  and  therefore  a  few  siuiph'  insiructions  in  plain 
languag-e  distributed  freely  amonsj;  them,  together  with  the  hel[) 
of  their  union-othcials  in  explaining  the  danger  of  neglecting  to 
carry  out  these  instructions,  would  in  his  opinion  prove  the  most 
efficient  safeguard  against  the  general  introduction  of  ankylo- 
stomiasis into  British  mines. 

Mr.  W.  H.  PiCKERi.vG,  in  seconding  the  vote  of  thanks,  said 
that  the  question  of  ventilation  had  (mly  heen  mentioned  twice, 
once  in  Dr.  Haldane's  report  on  the  Dolcoath  outbreak,  and  again 
in  the  AVestphalian  report.  The  figures  given  in  the  latter  report 
were  most  suggestive,  as  only  25,262  cubic  feet  pei-  minute  were 
provided  for  G,U'0O  men,  an  average  of  about  4U  cubic  feet  per 
minute  per  man — a  small  (juantity.  At  least  four  times  that 
amount  would  be  provided  in  this  country,  and  he  tliought  that 
they  might  argue  from  that  tact  that  the  standard  of  ventila- 
tion in  Continental  mines  was  low.  He  should  also  like  to  know 
Avhether  the  temperatures  were  taken  with  the  w(>t-and-(hy  bulb 
thermometer,  as  he  thought  it  was  important  that  tliey  should 
know  the  amount  of  moisture.  He  had  taken  some  <la{a  of  deep 
mines  in  Yorkshire,  and  at  one  pit  2,240  feet  deej),  near  the  pit- 
bottom,  the  dry  bulb  was  09.^°  and  the  wet  bulb,  (;2°  Tahr. 
In  the  main  return  airway,  the  dry  bulb  was  85P  and  the  wet 
bulb  T4|°  Fahr.,  shewing  that  in  deep  mines  where  they  were 
circulating  large  quantities  of  air,  the  air  was  exceedingly  dry. 

He  (Mr.  Pickering)  did  not  wish  to  minimize  the  danger  of 
this  disease,  but  it  seemed  to  him  that  the  goaf  was  the  proper 
place  for  the  miner  to  evacuate  excreta  and  to  buiy  tluni.  He 
also  thought  that  sanitary  conveniences  might  be  provided  at  the 
pit-bottom  and  on  the  main  roads.  He  thought  moreover  that 
British  discipline  was  too  strong  to  peimit  such  a  disregard  of 
cleanliness  as  seemed  to  have  taken  place  in  German  mines.  It 
was  not  unusual  for  a  i>erson  to  be  unaffected  by  a  disease,  and 
yet  to  be  capable  of  conveying  the  infection  to  others :  this  was 
the  case,  for  instance,  with  malaria  in  West  Africa,  where  the 
negroes  were  not  susceptible,  but  could  communicate  it  to  others. 
He  asked  whether  such  conditions  applied  to  ankylostomiasis. 

Mr.  H.  Ehoues  said  it  seemed  to  be  a  lact  that  want  of 
ventilation  and  consequent  greater  heat  in  the  mine  had  a  great 
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(leal  to  tlo  with  the  spread  of  this  disease.  It  was  notorious  that 
tlie  St.  tiothard  tunnel,  where  the  disease  first  appeared  in 
Europe,  was  badly  ventilated,  indeed  he  (Mr.  Rhodes)  believed 
tliat  25  per  cent,  of  tLe  workmen  employed  on  those  works  were 
ait'ected  b3-  tliis  and  other  diseases.  The  (quantity  of  air  cir- 
culating in  the  Uolcoath  mine,  where  the  disease  first  appeared 
in  this  country,  seemed  also  to  have  been  inadecjuate.  The  dis- 
ease, moreover,  was  most  prevalent  in  districts  where  a  system  of 
compulsory  bathing  was  in  force,  possibly  owing  to  the  use  of 
plunge-baths;  but  it  was  now  becoming  the  practice  to  provide 
separate  douche-baths  for  each  man.  In  German  mines,  there  were 
great  difficulties  in  the  way  of  providing  goaf- room,  owing  to  the 
workings  being  so  steep  and  to  the  fact  of  their  being  gobbed 
as  soon  as  they  were  foi*med.  The  men  were  consequently  com- 
pelled by  necessity  to  use  the  main  roads,  which,  being  driven  in 
stone,  for  the  most  part,  were  of  somewhat  restricted  area.  In 
Continental  mines,  the  shift  is  of  longer  duration,  and  more  food 
must  of  necessity  be  eaten  ;  there  is,  therefore,  great  risk  of  carry- 
ing the  infection  by  means  of  the  hand  into  the  mouth. 

Dr.  J.  C.  Kaye  (West  Riding  Medical  Officer  of  Health) 
believed  that  much  could  be  done,  in  the  way  of  preventing  the 
introduction  of  the  disease,  by  the  exercise  of  common-sense  in 
the  matter  of  clcauliness  in  the  mine.  He  trusted  with  ])r. 
Haldane  that  the  mines  in  Great  Britain  wcmld  be  placed  in  so 
excellent  a  sanitaiy  condition  that  there  would  be  no  fear  of 
the  disease,  and  that  no  special  means  of  prevention  would  be 
necessai'y. 

Mr.  I.  Hodges  asked  whether  the  form  of  ankylostomiasis 
known  as  "  the  brickmaker's  disease  "  was  as  serious  as  miners' 
ankylostomiasis  :  and  what  was  the  difference  in  effect,  as  the 
germs  of  the  one  required  sunlight,  and  the  germs  of  the  other 
darkness)'  It  had  been  generally  understood  that  infected 
miners  were  cured  by  being  kept  on  the  surface  for  a  period,  but 
the  fact  that  brickmakers,  who  always  work  on  the  surface,  were 
found  suffering  from  another  form  of  ankylostomiasis  made  that 
theory  doubtful. 

Dr.  Alfred  Robinson  (Medical  Officer  of  Health  for  the 
County  Borough  of  Rotherham)  wrote  that,  until  recently-,  ankylo- 
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stouiiasis  had  in  tJiis  couiitry  Ikhmi  lookcid  upon  nieiely  as  a 
curiosity,  and  tlie  few  cases  Avhicli  anive<l  at  British  ports 
were  of  interest,  chieflj-  on  account  of  their  rarii}'.  Xow,  there 
was  a  threatened  invasion  of  the  pest,  and  having  recognized 
that  in  many  i)arts  of  tlie  mining  districts  there  are  all  the 
necessary  conditions  for  the  dissemination  of  tlie  disease  upon 
its  being  once  introduced,  it  was  everyone's  duty  to  take  efticient 
measures  for  its  prevention.  The  primaiy  fact  to  be  recognized 
was  that  ankylostomiasis  was  essentially  a  disease  of  filth,  and 
was  in  that  respect  to  be  classed  with  typhoid  fever  and  choleia. 
It  was  spread  by  the  contamination  of  water  and  mud  by  the 
excreta  of  those  who  were  infected.  When  these  excreta  were 
properly  dealt  with,  the  disease  must  confine  itself  to  the  infected 
host,  and  would,  in  time,  die  out  either  by  coming  to  a  natuial 
termination,  or  by  causing  the  death  of  the  affected  person. 

The  preventive  measures  that  should  be  taken  were  there- 
fore fairly  obvious,  and  if  properly  carried  out  were  bound  to 
prove  effective: — (1)  All  persons  coming  from  infected  districts 
should  be  medically  examined  before  being  cm])loyed  in  the 
mines  of  another  district,  and  persons  found  to  be  infected  should 
on  no  account  be  so  employed:  ('2)  a  proper  system  of  latrines 
should  be  provided  in  mines,  and  tlieir  use  shniihj  lie  strictly 
enforced,  so  that  no  contamination  of  the  water  or  mml  in  the 
mines  should  be  possible;  and  C^>)  measures  should  be  taken  to 
disseminate  information  about  the  disease  among  th(>  miners, 
pointing  out  its  dangers  and  enlisting  theii-  interest  and  intelli- 
gent assistance  in  eveiy  possible  way. 

As  had  been  found  in  the  affected  districts  of  tli(>  Continent, 
it  was  a  matter  of  the  greatest  difficulty  to  eradicate  the  disease 
when  once  firmly  established:  and  therefore  its  prevention  was 
in  the  highest  degree  important.  It  was  satisfactory  to  know 
that  the  maftei-  was  receiving  the  attention  of  i)ublic-he;ilth 
authorities  in  variims  parts  of  the  country,  and  that  it  was  being 
taken  up  by  such  influential  bodies  as  The  Institution  of  Mining 
Engineers. 

Mr.  AValter  Har(;rkaves  thought  that  in  the  repttrt  of  the 
proceedings  of  the  Miners  Federation  it  was  stated  that  about 
To  per  cent,  of  the  miners  in  Westphalia  weie  affected  l)y 
ankylostomiasis.       Whether  Mr.  lienjamin  Pickard,  in  making 
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that  statenijeut,  meant  75  per  cent,  of  the  miners  at  any  particular 
mine  were  suffering  he  did  not  know,  but  it  was  satisfactory  to 
learn  from  Mr.  Gray's  paper  that  such  was  not  the  case. 

Another  feature  had  been  mentioned  and  that  was  the  spread 
of  ankylostomiasis  in  German  mines  by  watering-  the  road- 
ways with  mine-water,  which  often  contained  the  larv?e  of  the 
worm.  He  was  glad  that  Dr.  Haldane  had  uttered  a  warn- 
ing that  they  could  not  afford  to  neglect  the  watering  of  their 
British  mines,  and  so  turn  back  upon  the  Taluable  work  done  in 
the  direction  of  coping  with  the  dangers  of  coal-di;st,  in  order 
to  combat  the  prospective  danger  of  ankylostomiasis.  If  it 
became  a  choice  between  coal-dust,  with  its  explosive  properties 
and  its  bad  effect  on  the  human  lungs,  against  ankylostomiasis, 
they  had  the  authority  of  Dr.  Haldane  in  giving  the  second 
place  to  the  latter  danger.  They  might  at  the  same  time  take 
up  the  question  of  the  sanitary  betterment  nf  their  mines  by 
providing  closets  at  any  or  all  the  places  where  labour  was  con- 
gested, leaving  out,  for  the  present  at  all  events,  the  workers  in 
and  ab(nit  the  faces. 

Mr.  J.  R.  B.  TViLSox  agreed  with  what  had  been  said  on  the 
subject  of  ventilation,  for  he  certainly  felt,  with  regard  to  the 
German  mines,  that  if  there  had  been  more  air,  there  would 
have  been  less  heat.  He  was  aware  that  the  problem  of  ventilat- 
ing many  of  these  mines  was  by  no  means  so  easy  of  solution  as 
in  the  case  of  the  generality  of  British  mines  ;  but  some  of  the  total 
quantities  of  air  were  veiy  small  compared  with  the  best  practice 
in  this  country.  Three  conditions  were  necessary  to  this 
disease — heat,  moisture  and  darkness.  Personally,  he  did  not 
feel  very  much  afraid  of  the  heat  in  Yorkshire  coal-mines : 
there  were  some  warm  mines,  but  very  few  were  of  such  a 
temperature  as  would  assist  this  disease  :  and,  moreover,  where 
they  had  the  high  temperature  the}'  had  not  the  moisture,  and 
were  not  likely  to  have  it. 

Mr.  J.  Gerrard  said  that,  in  his  opinion,  the  most  important 
point  in  that  paper,  as  in  all  other  papers  that  he  had  read  on  the 
subject  was  that  nf  dealing  with  the  excrement  of  the  under- 
ground workers.  It  might  be  true  tliat  increasing  the  amount 
of  ventilation  would  reduce  the  temperature ;  whether  it  would 
dry  the  excrement  suificiently  to  make  it  harmless  he  was  not 
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])r(>]ianMl  to  say,  l)ul  lie  could  <i()  into  a  uunibci-  of  mines  wlicro 
he  linnestly  th()U<>:lit  it  would  not.  and  in  sudi  cases,  increased 
ventilation  was  not  the  remedy.  When,  in  Ajnil  last,  he  hejjan 
to  make  encjuiries  into  the  subject,  lie  found  it  necessary  to 
see  personally  where  the  workers  around  the  shaft-bottoms  and 
av  junctions  on  haulaifi'-roads  relieved  themselves.  In  discuss- 
ing the  question  with  colliery-managers  he  found  that  many  of 
them  were  anxious  to  make  ])i-ovision.  The  view  he  took  at 
present  was,  that  as  regards  the  working-faces,  there  was  no  need 
to  make  provisitui.  In  the  deej^er  mines  in  east  Lancashire, 
many  managers  had  sto])po(l  excrement  from  being  deposited 
indiscriminately  in  the  roadways.  At  Pendleton  colliery,  the 
manager  had  established  sq-uare  receptacles,  made  of  wrought 
iron,  Ye  inch  thick,  12  inches  square  and  12  inches  deep,  with 
handles  on  two  sides  so  that  one  man  could  conveniently  cany 
them.  A  wooden  removable  top,  with  a  round  hole,  was  placed 
on  the  receptacle.  At  Atherton  collieries,  a  round,  iron  pail 
was  provided,  12  inches  in  diametei'  and  LS  inches  deep,  having 
a  tin  lid.  These  are  regularly  conveyed  to  the  surface  and 
emptied.  The  workers  have  taken  to  the  use  of  these  receptacles, 
and  from  a  sanitary  point  of  view  there  is  a  nnnked  imjuove- 
nient.  Probably  at  Pendleton  colliery  it  may  be  found  possible 
to  substitute  for  the  wooden  cover  a  light  enamelled-iron  one. 
It  is  remarked  in  the  paper  that  the  men  may  be  educated  to 
relieve  themselves  at  home,  and  so  avoid  having  to  do  so  in  the 
mine.  From  information  received  he  Avas  doubtful  as  to  this 
being  jjracticable.  At  one  group  of  mines,  in  which  l,()-i9 
persons  were  employed  underground  in  the  day-time,  only  201 
would  admit  that  they  regularly  relieved  themselves  at  home, 
•')29  admitted  that  they  did  so  every  day  in  the  mine,  and  oOJ) 
were  of  the  opinion  that  they  did  so  at  least  once  (u-  twice  a  week 
in  the  pit.  As  to  the  time,  2S9  stated  that  they  relieved  them- 
selves from  ()  to  8  a.m.,  444  from  (S  a.m.  to  12  noon,  and  105  from 
12  to  4  p.m.  At  another  grou])  of  mines,  employing  1,229  per- 
sons, 412  admitted  the  home  practice,  and  .SIT  admitted  that  they 
relieved  themselves  in  the  pit.  Of  these  817,  557  deposited 
excreta  at  the  faces,  128  in  the  roads,  and  lo2  used  the  pails 
provided. 

The   danger  of   coal-dust   was   now   well   rec(>gnized    in    this 
country,  therefore  he  would  prefer  fighting  this  disease  on   its 


;;72  DISCUSSION — ankylostomiasis. 

merits,  aud  he  would  stiougly  deprecate  anj'  diminution  of  the 
watering',  where  required,  in  connection  with  coal-dust. 

Mr.  C.  Chetwynd  Ellison  thought  that  the  best  means 
of  dealing  with  the  question  would  be  by  trying  to  gradually 
improve  the  habits  of  the  men  and  boys,  wliich,  no  doubt,  would 
be  a  slow  process:  but  with  time  and  by  persistently  trying  to 
impress  upon  the  rising  generation  the  importance  of  the  subject, 
if  the  disease  did  come  there  need  be  very  little  fear  of 
an  epidemic  in  Hritish  collieries.  He  suggested  that  sanitary 
closets  should  be  placed  near  the  pit-top,  and  also  near  the  pit- 
bottom  and  main-roads,  and  that  the  special  rules  should  prohibit 
the  committing  of  a  nuisance  in  any  other  part  of  the  mine. 
With  regard  to  compensation,  if  the  cases  for  which  the  colliery- 
companies  now  had  to  pay  were  any  guide,  he  failed  to  see  how 
they  would  be  exempt  from  paying  compensation  where  a  work- 
man had  contracted  a  disease  in  the  course  of  his  employment. 
He  thought  that  the  system  of  each  man  being  medically  ex- 
amined, and  supplied  with  a  bill  of  health,  would  do  good  in  more 
ways  than  one,  as  it  would  be  a  great  assistance  to  colliery- 
managers  in  the  management  of  their  men. 

Mr.  T.  W.  H.  Mitchell  said  that  all  who  had  spoken  had 
done  so  from  the  one  point  of  view  of  the  man.  The  principle 
upon  which  he  had  acted  since  the  Home  Office  circular  was 
issued,  was  to  have  chloride  of  lime  spread  about  where  the  men 
went.  ]Vo  extra  comforts  were  given,  and  he  thought  that  was 
the  right  wa3',  for  in  other  circumstances  the  men  would  wait  till 
the  buzzer  blew,  and  then  go  to  where  they  could  relieve  them- 
selves. He  did  believe  in  removing  the  excreta,  as  far  as 
possible ;  but  he  thought  that  the  difficulty  could  be  met  by  the 
use  of  chloride  of  lime,  which  offered  no  inducements  to  waste 
time.  As  to  closets  on  the  surface,  unless  kept  perfectly  clean 
(and  rightly  so)  the  men  would  not  use  them ;  consequently  he 
preferred  a  thorough  system  of  disinfection. 

Mr.  F.  W.  Gray,  replying  to  the  discussion,  pointed  out  that 
the  paper  was  only  written  with  the  view  of  provoking  discussion. 
He  was  not  aware  whether  capsiiled  larvpe  could  live  or  not  with- 
out moisture :   but  the  uncapsuled  larva^  died  without  moisture.* 

*  Dr.  J.  S.  Haklane  states  that  "all  observers  are  agreed  tliat  drying  kills 
them  at  once," 
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He  supposed  that  (liy-ljull)  Hiermometeis  only  were  used.  "NVitli 
regard  to  the  ventilation  of  the  German  mines,  the  Drs.  Iberor 
(to  whom  he  had  referred  in  his  paper)  stated  that,  iu  addition 
ti  the  high  temperature,  other  unsanitary  conditions  must  be 
present  and  continually  affecting  the  workers  before  the  disease 
would  assume  an  epidemic  character;  and  that  the  foul  air  in 
German  mines  had  much  to  do  with  the  spread  of  the  disease, 
because,  by  lowering  the  general  health  of  the  men,  it  lessened 
their  capacity  of  resistance  to  the  worms.  With  regard  to  the 
number  of  cases,  1,355  were  actually  treated  in  hospital  in  the 
district  of  Dortmund.  The  number  of  cases  actually  affected 
could  only  be  ascei'tained  by  a  microscopic  examination  of  the 
fspces  of  the  whole  of  the  workpeople.  He  had  no  information 
as  to  the  percentage  of  deaths,  which  did  not  occur  directly  from 
the  worm-disease  but  from  the  complications  which  ensued. 
The  weakened  state  of  the  sufferer  invited  other  diseases,  and 
ho  thougjit  that  the  doctors  could  hardly  state  that  death  was  due 
to  the  W'tnn  itself. 

The  annual  dinner  was  held  in  the  evening. 
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DORTMUND  MINING-DISTRICT. 

The  progress  of  the  coal-industry  in  Germany  is  manifested 
by  the  following  figures  : — - 


Years. 

1875. 

U85. 

1895. 

1900. 

Dortmund 
Breslaii     ... 

Bonn         

Saxony      

Other  districts    . . . 

Totals 

Dortmund  : 

Persons    em- 
ploj-ed 

Tons. 

16,983,000 

10,444,000 

5,550,000 

2,991,000 

1,468,000 

Tons. 

28,970,000 

15,786,000 

7,634,000 

4,151,000 

1,779,000 

Ton.=. 

41,146,000 

21,944,000 

8,974,000 

4,430,000 

2,675,000 

Toni 

59,619,000 

29,597,000 

11,980,000 

4,804,000 

3,209,000 

37,436,000      58,320,000  |    79,169,000 

109,209,000 

83,000 

105,000  i         153,000 

1 

225,000 

In  the  Dortmund  mining-district,  the  rate  of  increase  in  the 
number  of  persons  employed  vras  47  per  cent,  during  the  5  years, 
1895  to  1900,  while  the  increase  in  the  output  was  45  per  cent., 
shewing  that  the  increased  output  was  obtained  with  a  pro- 
portionate increase  in  the  number  of  persons  emploj'ed.  In 
1900,  hewers  earned  on  the  average  £77  per  annum  or  £1  9s.  7d. 
per  week,  while  other  classes  of  labour  earned  about  £00  a  year 
or  £1  Is.  2d.  per  week. 

The  realized  prices  per  ton  for  the  products  of  the  collieries 
have  fluctuated  considerably,  as  follows  :  — 
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Year. 

Gas-coaL 

House-coaL 

Coke. 

Briquettes. 

s.     d. 

s.     d. 

s.     d. 

s.      d. 

1887 

7     2 

5  10 

8     9 

7     4 

1890 

14    8 

12     4 

22     0 

14     S 

1893 

9  10 

7     9 

14     0 

9  10 

1896 

10    2 

8    0 

14     3 

10     2 

1897 

11     3 

8    7 

16     0 

11     0 

1899 

11     9 

9    3 

16  10 

12     1 

1900 

12  10 

10    2 

23     4 

13     7 

The  realized  prices  are  at  present  much  lower  than  those  of 
1900. 

The  compensation  paid  for  accidents  averaged  as  follows:-  — 


Year. 

Xon-fatal 
Accidents. 

Total 
Accidents. 

Both  Classes  of 
Accidents. 

1886 

£ 
14 

£ 

13 

£ 
14 

1890 

31 

42 

34 

1895 

42 

77 

50 

1900 

51 

103 

62 
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The  exhibition  contained  specimens  of  all  descriptions  of 
manufacture  and  production  from  the  provinces  of  EhinelanJ 
and  ^"estphalia,  but  was  exclusively  confined  to  these  provinces, 
and  was  in  no  sense  international.  The  variety  and  excellence 
of  the  exhibits  in  all  departments  was  extraordinary. 


The  large  model  of  the  Ehenish-Westphalian  coal-field 
(which  was  mounted  upon  an  elevated  platform)  consisted  of 
38  glass-plates,  each  of  which  constituted  a  north-and-south 
section  across  the  coal-field.  The  five  principal  seams  (the 
Hauptflotz,  Mausegatt,  Sonnenscheiu,  Catharina  and  Bismark) 
are  shewn,  together  with  the  faults  and  dislocations  which  have 
been  proved.  The  shafts  are  shewn  to  the  depth  to  which  they 
have  been  sunk,  and  the  foldings  of  the  seams  named  are  clearly 
exhibited,  thus  indicating  the  coal  which  remains  still  to  be- 
worked  throughout  the  coal-field.  One  is  greatly  struck  by  the 
immense  quantity  of  coal  lying  beneath  the  level  of  the  deepest 
shafts,  and  which  probably  may  never  be  reached — owing  to  the 
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great  depth  and  the  high  temperature  uo  doubt  prevalent  at  that 
depth.  The  overlying  marls  of  the  Cretaceous  formation,  which 
cover  the  Coal-measiTres  to  the  north,  are  shewn.  This  model  was 
prepared  at  the  Mining  School  at  Bochum,  and  is  one  of  the 
most  perfect  and  interesting  models  of  the  kind  that  has  ever 
been  constructed.  A  map  made  in  1806  showed  that  the  coal- 
field, at  that  time  in  operation,  extended  very  little  to  the  north 
of  the  river  Ruhr,  which  now  forms  its  southern  boundary. 

The  following  is  a  selection  of  a  few  of  the  interesting  models 
and  exhibits  contained   in  the  Mining  Building :  ■ — - 

(1)  Complete  working  model  of  the  Pattberg  method  of  sink- 
ing shafts  through  wet  and  soft  measures. 

(2)  The  Tomson  arrangement  for  drawing  large  quantities 
of  water  by  means  of  large  cylindrical  tanks.  A,  was  shewn  in 
an  excellent  model  (Fig.  1,  Plate  XXII.).  Two  collecting-tanks, 
B,  are  employed,  suspended  at  a  convenient  distance  above  the 
sinkers  by  means  of  wire-ropes,  C  and  D,  which  pass  over 
pulleys  on  the  headgear  to  a  capstan-engine.  These  ropes  also 
act  as  guide-ropes,  a  rider,  E,  being  used  for  guiding  the  water- 
barrels  in  the  shaft.  The  collecting-tanks,  B,  are  connected 
together  bj'  pipes,  and  the  water  is  pumped  into  them  by  means 
of  a  pump,  F,  attached  to  the  tank  by  steel  channel-bars,  G,  H. 
The  collecting-tanks  are  prevented  from  turning  round  by  means 
of  banlks  temporarily  fastened  in  the  shaft.  The  compressed- 
air  pipes  (for  supplying  the  pump)  are  carried  in  the  shaft  by 
means  of  wire-ropes,  clamped  to  the  pipes  at  fixed  intervals  : 
and  the  ventilating  air-boxes  are  carried  in  a  similar  manner, 
the  ropes  being  weighted  to  keep  them  taut  (Fig.  2,  Plate  XXII. ). 
The  collecting-tanks  are  5  feet  7  inches  in  diameter  and  27  feet 
in  length,  and  the  water-barrels  are  4  feet  11  inches  in  diameter 
and  23  feet  long.  The  water-barrels  are  drawn  by  a  winding- 
engine  in  precisely  the  same  way  as  ordinary  coal-work,  one 
barrel  ascending  while  the  other  is  descending.  At  the  bottom 
of  each  is  a  valve.  The  descending  barrel  enters  the  tank  and  is 
filled,  while  the  ascending  tank  is  discharged  by  an  automatic 
arrangement  at  the  same  moment.  All  water  produced  in  the 
shaft  above  the  tanks  is  led  directly  into  the  tanks,  and  is  not 
^allowed  to  run  into  the  bottom  of  the  pit.     The  filling,  winding 
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{lucl  cmptjang-  of  the  baiiels  occupies  about  "-2  luiuutes  for  a 
depth  of  1,800  feet,  tlioudi  this,  of  course,  will  vary  with  tlie 
depth.  The  Tomson  arrangement  enables  1,100  gallons  of  water 
to  be  drawn  per  minute.  This  s^'stem  of  winding  water  was 
adopted  by  Prof.  AV.  Galloway  in  South  AVales  in  1888,  and  was 
extended  by  Mr.  Tomson  in  1892. 

Prof.  AV.  Gallowaj"  states  the  principal  arguments  in  favour 
of  winding  water  in  sinking  operations  rather  than  pumping  it, 
as  follows: — "The  appliances  are  not  costlj-;  ihcy  are  of  the 
simplest  description ;  they  are  not  liable  to  get  out  of  order ; 
they  are  not  affected  to  any  appreciable  extent  by  water  con- 
taining sand  or  sediment  of  any  kind  ;  they  can  be  raised  or 
lowered  in  the  shaft  by  operating  at  the  surface  and,  therefore, 
cannot  be  drowned  ;  ihej  require  no  buntons  to  support  or  guide 
them ;  they  can  be  cleared  out  of  the  shaft  in  a  few  hours,  leav- 
ing it  whollj^  free,  and  can,  if  necessary,  be  replaced  by  other 
larger  appliances  of  the  same  kind,  at  a  minimum  of  time  and 
oost ;  and  lastly,  provided  that  the  winding-engine  is  sufficiently 
powerful,  they  can  be  applied  at  any  depth  to  raise  the  water 
direct  to  the  surface  without  requiring  to  be  duplicated  or 
triplicated  as  in  the  case  of  pumps.'"* 

The  section  of  the  shaft  (Fig.  1,  Plate  XXII.)  shews  the 
position  of  one  of  the  collecting-tanks,  B,  with  the  pump,  F, 
attached  to  it:  one  of  the  water-barrels,  A,  and  the  sinking 
kibble,  K.  The  surface-plan  (Fig.  2,  Plate  XXII.)  gives  the 
position  of  the  sinking-engine  for  winding  the  kibbles,  the 
winding-engine  for  the  water-barrels,  the  capstan-engine  carry- 
ing the  water-tanks,  and  two  crab-engines  carrying  the  com- 
pressed-air pipes  for  the  pump  and  the  ventilating  air-pipes. 

(3)  The  Castrop  Explosives  Company  exhibited  a  model  of 
their  experimental  gallery.  The  experimental  gallery  consists 
of  nineteen  rings  of  4  inches  wall-thickness.  The  mortar  or 
cannon  is  bricked  in  directly  above  the  sole,  and  its  axis  meets 
the  apex-line  of  the  tunnel  at  a  distance  of  33  feet  from  the  end, 
which  is  closed  by  strong  iron-plates.  The  mouth  is  usually 
open,  but  it  can  be  closed  immediately  after  a  shot  is  fired.  A 
mixing-apparatus  and  a  ventilating-pipe  are  placed  above,  and 
*  Course  of  Lectures  on  Mining,  Cardiff,  1900,  Subject  2,  Shaft  Sinking, 
page  18. 
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the  necessary  macliineiy  is  erected  in  an  adjoining  building. 
The  ventilating-pipe  is  generally  closed  by  a  heavy  iron-lid,  and 
samples  can  be  taken  at  any  time.  There  are  no  heating  or 
cooling  pipes  in  the  gallery.  The  air  and  gases  introduced  are 
exhausted  through  a  pipe,  jacketed  either  with  steam  or  cold 
water.  The  exhauster  is  driven  by  an  electric  motor,  with 
which  it  is  directly  coupled.  The  dust,  falling  in  from  the 
stationary  mixing-apparatus  placed  above,  is  stirred  tip  by 
another  fan,  which  is  rope-driven  by  an  electric  motor.  The 
gas-chamber  is  about  16  feet  long.  The  whole  gallerj-  is  lagged 
outside  with  Ij  inches  of  felt  and  asbestos,  and  it  is  further 
encased  in  painted  sheet-zinc  so  as  to  exclude  moisture. 

(4)  A  model  of  the  sj'stems  of  working  coal  at  the  Consolida- 
tion colliery,  Schalke,  shewed  the  different  sj^stems  of  timbering 
and  working  coal  in  steep  seams. 

(5)  Model  of  the  shaft-arrangements  at  Xo.  2  pit,  Xeumiihl 
colliery.  This  shaft  is  an  upcast  winding-shaft,  and  both  it  and 
a  portion  of  the  pit-bank  are  enclosed  from  the  outside  air. 
The  diameter  of  the  shaft  is  sufficient  for  an  air-current  of 
400,000  feet  per  minute,  and  for  an  output  of  3,G00  tons  daily. 
The  coal  is  dealt  with  automatically,  and  by  means  of  a  revolv- 
ing-drum is  delivered  on  to  a  conveying-band  situated  in  the 
outer  air.  This  drum  is  divided  into  six  compartments,  and 
revolves  within  a  cover  so  arranged  that  there  are  always  two  to 
four  of  the  compartments  closed  against  the  outer  atmosphere. 
The  small  coal  passes  from  the  jigging-screen  into  a  box  or  holder 
filled  with  water,  and  is  conducted  away  by  a  bucket-conveyor. 
The  water  acts  as  a  seal  against  the  outside  air.  The  stones  can 
also  be  put  into  large  storing  hoppers  provided  with  airtight 
sliding-shutters,  above  and  below.  When  the  hopper  is  being 
filled,  the  top-shutter  is  open  and  the  bottom  one  closed ;  the 
reverse  is  the  case  when  the  hopper  is  being  emptied,  and  the 
outside  air  is  thus  excluded. 

(6)  The  small  Dingier  mine-fan  is  intended  more  especially 
for  ventilating  splits  of  air,  and  can  only  be  used  for  blowing, 
but  not  for  exhausting  air,  AVhen  mounted  on  a  wooden  frame- 
work it  can  be  convej'ed  through  a  road  Sj  feet  high  and  4j  feet 
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■^Tide.  It  can  be  transiiorted  in  four  pieces,  each  of  which  will 
pass  through  an  opening  2|  feet  high  by  3i  feet  wide.  This  fan 
uses  little  power,  the  central  lubricator  enables  it  to  run  for 
several  days  uninterruptedly,  and  the  cover  can  be  turned  round, 
thus  enabling  the  air  to  be  emitted  in  any  desired  direction. 

(7)  Models  of  conveying-plants,  rope-clips,  etc.,  exhibited  by 
Mr.  George  Heckel.  An  efficient  and  very  simple  arrangement 
was  shewn  for  stopping  runaway  tubs  upon  an  endless-rope  road. 
The  tub  strikes  a  lever.  A,  fixed  between  the  rails,  which  in  its 
turn  pulls  over  another  lever,  B,  about  9  feet  in  front,  to  which 
it  is  connected  by  means  of  a  rod  or  wire-rope.  At  normal 
speed,  the  tub.  passing  over  the  first  lever,  A,  does  not  reach  the 
second  lever,  B.  until  the  balance-weight,  C,  has  caused  it  to 
drop.  Should  a  tub  become  detached  and  attain  a  speed  greater 
than  that  of  the  haulage-rope,  it  reaches  the  second  lever,  B, 
which  acts  as  a  stop-block,  before  the  balance-weight,  C,  causes 
it  to  fall  out  of  position  (Fig.  3,  Plate  XXII.). 

(8)  Mr.  Friedrich  Pelzer  exhibited  several  fans.  He  claims 
the  following  advantages  for  them  : — Freedom  of  entry  and  exit 
of  the  air,  higher  manometric  and  mechanical  efficiency-,  and 
equalization  of  the  pr-'ssure  on  both  sides  of  the  fan.  The  fans 
shewn  included  a  9  feet  fan,  a  high-pressure  fan  for  cupolas  and 
smithy  fires,  four  hand-fans,  and  two  turbine-ventilators,  KJ  and 
24  inches  in  diameter. 

(9)  A  lamp-room  with  complete  arrangements,  exhibited  by 
Messrs.  Freimann  &  AVolf.  This  exhibit  comprised  a  benzine- 
room  with  filling  arrangements,  electro-magnets  for  opening  and 
closing  the  lamps,  electrically-driven  cleaning-machine  with 
dust-exhauster,  lamp-examining  arrangements,  and  apparatus 
for  testing  safety-lamps,  lamp-shelves  with  workmen's,  officials' 
and  testing  lamps,  as  well  as  a  charging-apparatus  for  electric 

pit-lamps. 

An  acetylene  safety-lamp,  suitable  for  pit-porches  or 
examination ^of  shafts,  is  designed  to  give  a  light  of  7  candle- 
power  for  10  hours.  The  water  is  contained  in  an  annular 
jacket,  which  slides  on  the  outside  of  the  carbide-chamber.  In 
this  way,  the  production  of  the  acetylene  can  be  regulated  and 
the  light  adjusted. 
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(10)  A  model  of  the  complete  surface-plant  of  the  Shamrock 
III.  and  IV.  colliery  of  the  Hibemia  Mining  Company. 

(11)  The  new  type  of  Banm  coal-washer  is  stated  to  have  dis- 
tinct advantages  over  its  predecessors  :  it  is  simplified,  requires 
less  water  and  poAver  to  drive  it,  takes  up  less  room,  and  is  less 
costly ;  the  essential  difference  between  the  old  and  the  new 
type  being  that,  in  the  latter,  the  material  is  washed  first  and 
then  classified. 

(12)  The  Brunck  coking-plant  with  bye-product  recoveiy, 
at  the  Minister-Stein  collieiy,  has  a  capacity  of  250,000  to 
260,000  tons  of  coal  with  10  to  12  per  cent,  of  moisture,  which 
yields  2,800  to  2,900  tons  of  ammonium  sulphate,  and  7,500' 
to  7,800  tons  of  tar.  The  waste-gases  may  be  used  to  fire 
boilers  with  a  heating-surface  of  17,200  square  feet,  producing 
550  tons  of  steam  daily  for  collieiy-purposes,  or  it  may  be  used 
to  produce  2,000  to  2,500  horsepower  in  gas-engines. 

The  special  construction  of  the  Brunck  oven  consists  in  a 
divided  vertical  heating-flue  passing  through  a  strong  middle 
wall,  by  which  each  oven-chamber  is  provided  with  an  automatic 
heating-sj'stem  of  G  burners. 

(13)  Coal-drying  apparatus.  This  apparatus  does  away,  to 
a  considerable  extent,  with  the  necessity  for  hoppers  and  the 
apparatus  connected  therewith,  and  enables  the  smudge  to  be 
satisfactorih"  mixed  with  the  coking-coal  Avhen  dried.  The 
principle  depends  on  a  vertical  spiral  case,  revolving  at  a  high 
velocity  inside  a  tower,  with  gauze-sides,  through  which  the 
water  is  ejected. 

(14)  The  collieiy-village  belonging  to  the  Stein  and  Harden- 
berg  collieries  consists  of  125  houses  of  eight  different  tj'pes, 
and  provides  accommodation  for  470  families.  The  houses  are 
sub-divided  for  2,  4  and  6  families,  and  every  family  is  allotted 
250  square  yards  of  garden-ground.  Each  dwelling  has  a 
separate  entrance.  Water  is  laid  on  to  each  house,  and  the 
closets  are  on  the  Gruben  system.  Each  house  is  surrounded 
by  a  quickset  hedge,  separating  each  garden.  The  rents  for  the 
single  dwellings  per  year  are: — For  3  rooms  £5  10s.,  for  4  rooms 
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£7  4s.  and  for  5  rooms  £'9.  The  cost  of  the  viUage,  including 
ground  and  interest,  amounted  to  £145,000  (Fig.  9).  In  the 
central  square  is  an  institute,  consisting  of  a  central  block  an(' 
two  wings,  comprising  an  infant-school,  reading-room  and 
library,  baths  for  men  and  women,  two  continuation-schools 
and  dwellings  for  the  teachers,  manager  and  stafp. 


Fig.  9. —Miners'  Cutt.a.ges  at  the  DCsseldokk  Exhiuitiun. 

(15)  The  uiiuers"  baths  and  buildings,  at  Scharnhorst 
colliery,  are  entered  by  the  workmen  (on  their  way  to  the  pit) 
through  a  principal  entrance.  On  either  side  of  the  passage  are 
offices  for  the  manager,  deputies,  engine-wright,  cashier,  etc., 
and  bath-rooms  for  the  officials.  In  the  middle  f)f  the  building 
are  situated  the  check-office  and  the  lamp-room.  The  miners' 
baths  are  divided  into  two  parts,  each  of  which  is  sufficient  for 
1,000  workmen.  One  is  already  in  use,  the  second  is  eciual  in 
size  and  will  be  completed  when  required.  The  undressing  room 
is  divided  into  compartments,  from  which  the  workmen  can  pro- 
ceed to  the  shower-baths.  The  men  who  are  going  to  work  pass 
by  the  lamp-room  and  up  an  overhead  staircase  to  the  pit-bank. 
The  men  returning  from  work  go  down  the  other  side  of  the 
staircase  to  the  lamp-room  and  thence  to  the  batli5. 
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(16)  The  Iviiliu  coal-compressing  machine,  for  charging  coal 
into  coke-ovens,  is  intended  to  produce  a  strong  coke,  and  enable 
•otherwise  unsuitable  kinds  of  coal  to  be  turned  to  account. 

(17)  The  Express  underground  pumping-engine  will  lift  418 
gallons  of  water  to  a  height  of  2,500  feet  at  14G  revolutions  per 
minute.  It  is  driven  by  a  three-phase  electric  motor.  This 
pump  possesses  the  advantages  of  high  speed,  simplicity,  and 
takes  up  little  space,  and  is,  therefore,  veiy  suitable  for  under- 
ground work. 

(18)  Messrs.  Haniel  &  Lueg  exhibited  a  large  underground 
pumping-plant  intended  to  deal  with  water  from  a  number  of 
mines  at  a  central  point.  It  is  capable  of  pumping  5,500  gallons 
of  water  per  minute  to  a  height  of  1,638  feet.  The  triple,- 
«xpansion-engine  has  a  high-pressure  cylinder  37'4  inches  in 
diameter,  the  middle  cylinder  is  59  inches  in  diameter,  and  the 
two  low-pressure  cylinders  are  each  Go  inches  in  diameter ;  the 
stroke  is  67  inches;  and  working  at  a  speed  of  60  revolutions 
per  minute,  it  has  a  piston-speed  of  11  feet  per  second,  a  speed 
which  has  not  been  reached  in  anj"  other  pump.  The  machine 
fitands  in  an  engine-room  not  exceeding  26  feet  in  breadlh,  and 
the  consumption  of  steam  will  not  exceed  148  to  15  pounds 
per  horsepower-hour  measured  in  the  water  raised. 

(19)  The  Tomson  compound  overhead  winding-engine, 
•of  800  horsepower  with  two  spiral  drums,  exhibited  by  the  Har- 
pen  Colliery  Company,  is  designed  for  winding  from  a  depth 
of  4,900  feet  at  the  Preussen  II.  colliery.  This  engine  is  a 
duplicate  of  that  which  has  been  working  for  some  years  at  the 
Preussen  I.  colliery.  The  cylinders  work  upon  an  inter- 
mediate shaft,  which  is  coupled  by  means  of  connecting-rods 
to  cranks  on  two  spiral  drums,  placed  one  behind  the  other. 
This  arrangement  avoids  the  excessive  weight  of  two  massive 
drums  being  placed  on  a  single  shaft,  and  obtains  a  better  lead 
for  the  ropes.  The  diameter  of  the  cylinders  is  32  inches  and 
45  inches  respectively,  and  the  stroke  is  8^^  feet.  The  conical 
drums  range  from  18  feet  at  the  smallest  diameter  to  33  feet  at 
the  greatest,  and  the  breadth  is  11  feet  4  inches.  A  remark  was 
made  that  "this  engine,  perhaps,  represents  the  last   word  of 
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tlie  Bineteeuth  century  in  wiiKliuo-.engines,  but   n(tt  llu-  first  of 

the  twentieth  oentiny,"'  and  the  latter  phrase  may  perhaps  be 

applicable  to  the  electric  windinff-onoine, described  in  the  fol- 
h)wiug  paragraph. 

(20)  The  electric  windinir-eniriue,  for  the  Zollern  colliery  of 
the  Gelsenkirchen  Colliery  Company,  is  intended  to  raise  1,000 
tons  of  coal  in  6  hours,  by  2-13  tons  of  coal  at  each  wind,  from 
a  depth  of  1,638  feet,  with  a  maximum  velocity  of  05-6  feet  per 
second.  The  drum  is  on  the  Kcepe  sj'stem,  that  is  to  say,  the 
rope  passes  round  the  drum  for  about  two-thirds  of  its  circum- 
ference in  a  groove,  and  the  two  ends  of  the  ropes  are  attached  to 
the  two  cages.  This  system- is  particularly  suitable  for  electrical 
construction,  on  account  of  its  narrowness.  The  diameter  of 
the  drum  was  fixed  at  19'7  feet,  Avith  the  f)bject  of  securing 
sufficient  adhesion  for  the  rope,  and  at  the  same  time  reducing 
the  size  of  the  electric  motors  by  obtaining  a  higher  velocity. 
The  arrangement  is  very  simple: — On  each  side  of  the  drum, 
two  motors  are  placed,  each  capable  of  developing  1,400  horse- 
power on  the  main  shaft,  the  ends  of  which  are  supported  by 
two  broad  pedestals.  The  separation  of  the  electrical  diiving 
into  two  parts  was  selected  so  that  by  running  either  in  parallel 
or  in  series  it  is  possible  to  attain  the  maximum  velocity'  of 
GO  feet  per  second  or  83  feet  per  second ;  and  also  so  that  in 
case  of  accident  to  one  of  the  motors,  the  other  will  work  the 
engine  with  a  somewhat  reduced  load.  By  means  of  an  arrange- 
ment of  storage-batteries  and  through  the  excitation  of  the 
field-magnets,  the  motors  can  be  run  at  other  speeds  without  any 
waste  of  energy,  for  instance  0,  12,  16,  20,  26,  .'53,  40,  52  and 
66  feet  per  second.  The  machine  is  fitted  with  a  liaumanii 
indicator,  which  regulates  the  niaxiiuum-velocity  of  the  load 
as  it  approaches  the  surface,  and  should  this  velocity  be  exceeded 
the  brake  is  automatically  brought  into  action.  The  continuous 
current  at  a  pressure  of  500  volts  is  supplied  from  steam-driven 
generators,  working  in  connection  with  an  arrangement  of 
storage-batteries,  which  permit  of  an  adequate  reserve  of 
energj' an  important  requirement  in  work  of  such  an  inter- 
mittent nature  as  winding— and  enable  the  maximum  speed  to 
be  obtained  at  starting  with  a  minimum  loss  of  energy.  The 
gradual   increase   of  the   voltage   is   achieved   by   grouping  the 
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storage-batteries  in  four  groups,  which  are  separated  hx  little 
starting  resistances.  These  are  connected  with  the  starting 
mechanism  placed  in  the  basement  beneath  the  driver's  stand. 
The  shaft  of  the  starting  mechanism  is  carried  through  the 
engine-house  floor  and  connected  by  a  rack-and-pinion  arrange- 
ment to  a  compressed-air  auxiliary-engine,  with  a  working  and 
a  regulating  cylinder,  bolted  to  a  foundation-plate,  the  pistons 
being  mounted  on  a  common  rod.  The  working  piston  is 
(iperated  by  compressed  air,  and  the  other  piston  serves  to 
moderate  its  action.  The  gearing  is  on  the  differential  principle, 
and  the  motion  of  the  piston-rod  brings  the  distribution-valve 
into  its  central  position.  The  compressed-air  engine  is  worked 
by  the  driver,  and  acts  on  the  switch-lever ;  the  travel  of  the 
piston  is  equal  to  that  of  the  lever  in  the  guide-slot.  When  the 
engine  is  at  rest,  the  lever  is  inclined  towards  the  driver ;  when 
the  lever  is  placed  in  the  right-hand  catch  the  engine  will  raise 
the  right-hand  cage  or  vice  versa.  Another  lever,  placed  beside 
the  switch-lever  controls  the  compressed-air  brake,  and  this  is 
made  to  act  only  when  the  switch-lever  is  placed  in  the' no- 
current  position.  The  compressed-air  cylinder  acts  on  four 
brake-blocks,  and  is  operated  either  by  the  hand-lever,  or  auto- 
matically in  connection  with  the  Baumann  safety-indicator. 
In  case  the  air-brake  should  fail  to  act,  the  driver  can  stop  the 
engines  by  a  counter-weight  brake. 

(21)  The  Tomson  boiler  consists  of  two  Cornish-type  boilers, 
which  together  have  a  heating-surface  of  270  square  feet,  and  a 
water-tube  boiler  with  a  heating-surface  of  1,564  square  feet. 
The  Cornish  boilers  are  5  feet  10  inches  in  diameter  and  13  feet 
1  inch  in  total  length,  with  a  capacity  of  424  cubic  feet :  while 
the  tube-boiler  has  a  capacity  of  about  250  cubic  feet.  The 
latter  contains  90  tubes,  each  17  feet  long  and  3|  inches  in 
external  diameter,  two  welded  water-chambers,  and,  connected 
with  these  chambers,  a  surmounting  steam-chamber,  21  feet 
4  inches  long  and  3  feet  T  inches  in  diameter.  Under  normal 
working  conditions  1  square  foot  of  heating-surface  will 
evaporate  3'6  pounds  of  water  per  hour.  At  the  Preussen  I. 
colliery,  9  pounds  of  water  have  been  evaporated  in  a  Tomson 
boiler  by  1  pound  of  coal.  The  combination  of  internal  firing 
with    the    water-tube    boiler    enables    the    heating    gases    to    be 
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utilized  to  their  fullest  extent,  and  as  the  live  flames  do  not 
come  directly  into  contact  with  the  tubes,  the  latter  very  rarely 
exceed  a  temperature  of  800°  Fahr.,  and  there  is,  therefore,  very 
little  wear  upon  them. 

(22)  Messrs.  Gohmann  &  Einhorn  showed  various  lavatory 
and  bath-appliances  specially  intended  for  use  at  collieries, 
including  elaborate  baths  and  showers  for  the  higher  eolliery- 
otficials ;  similar  baths  of  a  simpler  kind  intended  for  the  use 
of  the  overmen,  deputies,  etc. :  for  miners'  baths,  a  sufficient 
number  of  shower-baths  and  a  large  undressing-room.  Along- 
side the  wall  of  the  undressing-room,  under  the  windows,  is 
placed  a  long  sink  or  trough  where  the  men  can  wash  their 
hamls  and  faces.  The  miners*  clothes  are  also  left  in  this  room, 
where  they  are  drawn  to  the  roof  by  means  of  cords  and  pulleys. 
Two  heat-radiators  are  placed  in  the  roof  in  order  to  dry  the 
clothes. 

In  another  room  is  shewn  apparatus  for  cleansing  and  dis- 
infecting clothes.  There  is  also  a  model  workmen's  closet,  made 
in  white  glazed  earthenware. 
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The  Hibernia  Mining  Company  own  eight  collieries  and  a 
total  area  of  coal-field  of  about  25  square  miles.  In  1901,  they 
employed  13,667  men  and  boys,  and  had  an  output  of  •'3,573,050 
tons  of  coal. 

The  Shamrock  III.  and  IV.  colliery  is  justly  regarded  as 
one  of  the  model  collieries  in  the  Westphalian  district.  The 
two  shafts  are  each  16  feet  5  inches  in  diameter.  The  upcast- 
shaft  is  not  used  for  coal-winding;  but  the  downcast-shaft  is 
divided,  so  as  to  allow  of  four  cages,  actuated  by  two  separate 
winding-engines,  with  cylinders  36|  inches  in  diameter  and  6  feet 
6^  inches  stroke.  One  winding-engine  is  compound,  and  the 
low-pressure  cylinder  has  a  diameter  of  4  feet  3  inches.  The 
cages  have  four  decks,  each  deck  containing  tw(f  tubs  with  a 
capacity  of  about  11  cwts.  The  heapstead  is  arranged  with  :> 
double  banking-platform,  the  upper  being  connected  with  the 
lower  deck  by  means  of  drop-cages.  The  nuts  and  small  coai 
passing  from  the  screens  are  conveyed  to  two  Baum   washers. 
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one  on  either  side  of  the  heapstead,  and  these  have  a  capacity 
of  150  to  220  tons  per  hour  respectively. 

The  ventilation  is  effected  by  two  Geisler  ventilators,  one 
being  held  in  reserve.  These  ventilators  are  14  feet  9|  inches 
in  diameter,  and  exhaust  212,000  cubic  feet  of  air  per  minute 
under  a  depression  of  3'5  inches.  In  the  same  engine-house 
are  four  Dingier  water-column  air-compressors,  capable  of  yield- 
ing together  424  cubic  feet  of  compressed  air  up  to  a  pressure  of 
5  atmospheres  per  minute. 

The  coking-plant  comprizes  two  batteries,  each  of  GO  Otto- 
Hoft'mann  ovens,  and  the  bye-products  are  recovered  at  one 
battery,  while  the  hot  gases  from  the  other  are  used  for  heating 
the  boilers. 

The  baths  for 
the  miners  are 
provided  with 
64  showers,  and 
are  capable  of 
accommodating 
3,200  men  (Fig. 

10). 

An '  experi- 
ment was  con- 
ducted to  shew 
the  etficiency  of 
the  Walcher- 
Giersbeig  pneu- 
matophor,  an 
improve  d  life- 
saving  apparatus. 
This  apparatus 
differs  from  the 
origioal  Walcher 

pneumatophor  : — (1)  In  the  substitution  of  dry  alkali  for  caustic 
soda,  which  it  was  found  in  practice  was  dangerous,  as  it  caused 
severe  burn%  if  any  escape  of  the  liquor  from  the  breathing-bag 
took  place,  several  workmen  having  been  severely  burned  :  and 
(2)  in  the  introduction  of  an  automatic  regulating-valve  between 
the  f)xygen-cylinders  and  the  breathing-bag :  it  possesses  the 
great  advantage  that  the  wearer  has  no  occasion  to  trouble  liim- 
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self  with  the  maiupulation  ot  the  valve  for  the  admission  or 
oxy-'en.  Xo  lielmet  is  used  with  this  apparatus,  as  the  helmet 
tends  to  make  the  head  liot.  and  o-roady  hampers  the  workmen, 
as  it  is  sometimes  found  exceedingly  difficult  to  work  with  the 
helmet  owing  to  the  way  in  which  it  hampers  the  sight  and 
hearing.  Three  Morkmen,  wearing  the  Walcher-Giersberg 
apparatus,  entered  the  experimental  room  at  10"0  a.m.  and 
remained  in  an  atmosphere,  which  had  been  made  unbreathable 
l)y  the  burning  in  it  of  hair  and  other  substances,  until  11-45  a.m. 
During  this  time,  the  men  were  performing  as  severe  labour  as 
they  would  have  had  to  perform  had  they  been  in  a  mine  after 
an  explosion.  Mr.  Meyer  considers  that,  for  the  sake  of  experi- 
ment, the  best  way  in  which  the  men  can  exert  themselves  is 
by  raising,  by  means  of  a  rope  passing  over  a  pulley,  a  certain 
weight  throughout  the  period  of  the  experiment.  This  enables 
the  actual  amount  of  work  done  to  be  accurately  ascertained, 
and  it  is  doubtless  no  less  fatiiruing  than  climbing  over  falls,  or 
carrj-ing  weights  would  be.  The  latter  kind  of  work  is  done 
to  a  great  extent  during  the  usual  practices.  It  will  be  observed 
from  the  foregoing  statement  that  two  of  the  men  remained  in 
the  chamber,  entirely  dependent  upon  the  apparatus  for  their 
respiration,  for  a  period  of  1|  hours ;  the  third  man  came  out  a 
little  earlier,  but  this  was  due  to  the  exhaustion  of  the  oxygen 
in  the  supply-cylinders  owing  to  a  leakage  in  an  apparatus 
made  for  experiments  in  the  colliery-workshop. 
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The  seams  lie  at  a  high  angle  ot  inclination  (about  80  degrees) 
and  are  won  by  cross-measure  drifts,  enabling  a  number  of  seams 
to  be  worked  at  the  same  time. 

The  method  of  working  is  by  "overhand  stoping "  as 
commonly  adopted  in  metalliferous  mines.  In  the  first  level 
from  the  cross-cut,  ccmipressed  air  and  ])cr(ussive  coal-cutting 
machines  and  power-drills  are  used;  but  in  the  higher  or 
succeeding  stopes,  the  cutting  is  done  by  hand.  From  tlie 
hiu-her  stopes,  the  coal  is  put  down  a  pass  into  the  main  level,  and 
filled  into  tubs  from  a  shoot.  In  other  places,  the  method  of 
workino-  adopted   is  almf»st   the   same  as  that   employed   in  the 
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working  of  liiglily-incliued  seams  iu  Xorth  Staffordshire,  the 
exception  being  that  the  lower  endings  or  drifts  are  worked  out 
back  to  the  main  rise  in  advance  of  the  higher  places,  or  in  the 
opposite  order  to  the  Xorth  Staffordshire  method. 

A  large  quantity'  of  slate  or  bind  is  taken  out  of  the  coal  in 
washing  the  small,  and  this  is  all  returned  into  the  pit  and  used 
as  stowing  for  packing  the  goaf. 

The  temperature  in  the  workings  is  high,  and  reliance  appears 
to  be  placed  upon  water-jets  and  small  auxiliary  compressed- 
air  fans  for  the  production  of  a  ventilating-current  at  the  work- 
ing-face. The  safety-lamps  are  of  the  AVolf  benzine-type  with 
a  single  gauze  and  no  shield  or  bonnet :  they  are  fitted  with  a 
magnet-locking  arrangement,  and  contain  a  coil  of  friction-caps 
or  igniters  for  relighting. 

Diificulty  is 
experienced  in 
vemilating  the 
many  working- 
faces  in  the  vari- 
ous seams  from 
the  dilfereut 

levels,  and  addi- 
tional ventila- 
tion for  the  more 
distant  head- 
ings and  work- 
ings is  obtained, 
as  before  men- 
tioned, by  small 
po  wer-dri  v  en 
fans,  and  water- 
jets.  A  special 
plan,  shewing 
the  details  of  the 

ventilation,  is  drawn  upon  glass,  and  the  volumes  of  air  and 
ventilating  arrangements  are  revised  every  day — taking  up*  the 
whole  time  of  one  draughtsman.  A  sun-print  of  this  plan  is 
taken  periodically  for  permanent  reference.  A  graphic  diagram 
is  also  kept,  on  which  the  downcast  air  is  shewn  split  into  the 
various  seams,  and  into  the  main  intakes  and  working  splits  of 
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each  seam:  the  total  uuniber  of  air-splits  fruin  oue  duwucasi- 
sbaft  is  upwards  of  100.  This  diagram  also  shews  the  number 
of  men  and  horses  working,  the  number  of  lamps  in  each  split, 
the  number  of  cubic  feet  of  air  passing  per  minute,  and  the 
number  of  cubic  feet  passing  per  man :  these  figures  are  revised 
weekly.  Samples  of  the  return-air  from  the  main  return-air- 
Avays  are  taken  weekly  for  chemical  analysis  (made  at  the  Bochum 
Mining  School)  and  the  results  are  recorded  for  permanent  refer- 
ence. The  analyses  shewed  that  the  main  return-airway  con- 
tained 0'12  per  cent,  of  methane  and  ()"5  per  cent,  of  carbonir 
acid  gas. 

The  telephone  arrangements  are  very  complete:  the  general 
manager's  office  being  coupled  to  the  office  of  each  official,  and 
to  each  pit ;  each  landing  of  each  pit  is  connected  to  the  surface. 
and  sets  of  portable  telephones  are  stored  so  that  they  may  be 
speedily  run  inbye  to  any  distance.  The  manager  is  thus  able 
to  speak  to  the  site  of  any  accident  or  fire  within  1  hour  of 
its  occurrence. 

€OKE-AVOEIvS  OF  THE  GrSTAY-SCIirLTZ  ('t)MPAM'. 
The  Kopper  coke-oven  may  be  described  as  a  modification 
of  the  Otto-Hoft'mann  oven,  inasmuch  as  the  recuperator  char- 
acteristic of  that  system  is  retained,  but  the  gas  is  admitted  at 
the  bottom  of  the  vertical  fines,  which  foiin  the  sides  of  the 
oven,  through  fire-brick  nozzles.  Through  these  the  gas  passes, 
the  air  for  combustion  being  admitted  just  above  the  nozzles 
through  a  diagonal  passage,  so  that  the  combustion  takes  place 
at  the  bottom  of  the  flue,  and  the  flame  passes  directly  upward. 
The  difference  between  this  oven  and  the  Otto-Hilgenstock 
oven  is  that  the  mixture  of  the  gas  and  air  takes  pUice  in  the 
flue  itself,  instead  of  in  a  Bunsen  burner,  and  that  the  result- 
ing heat  is  more  intense.  In  tlie  Otto-Hilgenstock  oven  only 
eight  burners  are  used  for  each  oven-wall,  whereas  in  the  Kopper 
oven,  each  flue  forms  its  own  independent  burner.  The  air  foi 
combustion  is  heated  to  a  temperature  of  1,000°  Fahr.  as  it 
leaves  the  recuperator,  the  flow  of  the  gases  is  exceedingly  simple 
and  unconfined,  and  the  heating  of  the  oven-wall  is  perfectly 
uniform.  In  Figs.  4,  5  and  G  (Plate  XXII.)  A,  A,  show  the 
recuperators;  B,  the  pipes  supplying  the  burning-gas,  coming 
from  the  bye-product  recovery-plant:   C,  the  passage  under  the 
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oven-wall  through  which  the  gases  are  coiidiicted  to  the  burners^ 
1),  ]):  E,  E,  E,  are  the  tines  in  which  the  gases  are  ascending; 
and  F,  F,  F,  the  flues  in  which  they  are  descending.  The  direc- 
tion of  the  heated  gases  is  reversed  every  |  hour  as  in  the  Otto- 
Hoiimann  oven,  consequently  when  the  direction  is  changed, 
the  flues  F,  F,  F,  will  be  those  in  which  the  gases  are  ascending 
and  E,  E,  E,  those  in  which  they  are  descending.  The  openings,. 
G,  G,  (j,  at  the  top  of  the  ovens  enable  the  flues  lo  be  inspected, 
and,  if  necessary,  the  burners  can  be  removed  and  changed 
through  them.  The  efficiency  of  this  oven  is  remarkable,  the 
burning-time  occupying  only  26  hours,  and  the  coke  presents  a 
bright  silvery  appearance.  The  hydraulic-main  (Fig.  8,  Plate 
XXII.)  is  of  special  design,  and  the  upper  part  of  the  bent  pipe 
can  be  removed  to  facilitate  the  cleaning  of  the  valve,  and  the 
recovery  of  any  pitch  which  may  have  accumulated. 


EHEIX-PEEUSSEN  COLLIERY,  EUHRORT. 

These  extensive  collieries  are  the  property  of  Messrs.  Haniel. 
Avho  possess  mining  rights  over  an  area  of  23,470  acres.  There 
are  three  coal-drawing  shafts,  and  two  in  course  of  sinking, 
finding  employment  for  3,500  men  and  98  officials.  The  coal  is 
loaded  direct  into  boats  on  the  river  Rhine,  and  is  sent  by  rail 
to  the  neighbouring  industrial  centres  of  Diisseldorf,  Mtinchen- 
Gladbach,  Crefeld,  etc. 

The  collieries  are  situated  in  the  Hat  valley  of  the  river 
Rhine,  and  the  pits  are  sunk  through  a  considerable  thickness 
of  Tertiarj^  and  Quaternary  strata.  The  thickness  of  these 
Tertiary  strata  has  been  found  to  be  about  420  feet  in  the 
south  and  1,140  feet  in  the  north.  The  surface-measures  con- 
sist of  beds  of  alluvial  mud  and  sand  deposited  by  the  Rhine, 
possessing  little  coherency  and  full  of  water,  the  latter  being 
evidenth-  connected  with  the  river.  In  sinking  through  such 
measures  it  is  evident  that  the  amount  of  water  to  be  dealt 
with  is  almost  unlimited,  and  it  will  be  readily  understood  that 
under  the  most  favourable  conditions  the  shafts  could  only  be 
sunk  through  such  strata  by  means  of  boring  machinery  at 
enonnous  cost  and  under  extraordinary  difficulties.  Xo.  I.  shaft 
only  reached  the  Coal-measures,  20  years  after  the  commence- 
ment of  the  sinking.     The  original  diameter  was  24  feet  9  inches 
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aud  the  lining  consisted  of  masonry,  cast-iron  and  wrought- 
iron,  until  the  diameter  of  the  shaft  was  reduced  to  8  feet 
10  inches:  while  Xo.  II.  shaft,  after  9  years'  working",  with  an 
original  diameter  of  32  feet  5  inches  and  with  linings  of 
masonry  and  cast-iron  was  reduced  to  a  diameter  of  14  feet, 
'i  hanks,  however,  to  past  experience,  Xo.  III.  shaft  was  sunk  to 
the  Coal-measures  in  '■>  years  with  a  diameter  of  14  feet  9  inches. 
The  bad  results  attending  the  method  of  shaft-sinking  with 
the  Sack  boring-apparatus,  and  the  good  results  which  have  been 
obtained  in  deep  borings  with  percussive  borers,  encf)uraged 
^fr.  Pattberg  to  tiy  a  new  method  of  shaft-sinking  by  boring 
at  Xo.  V.  shaft.  Its  peculiarity  consists  in  a  percussive  borer 
suspended  from  a  rope  and  without  a  balance,  capable  of  giving 
no  to  TO  strokes  per  minute  with  a  stroke  of  8  to  12  inches, 
coupled  with  the  simultaneous  use  of  water  under  pressure  and 
the  removal  of  the  debris  by  means  of  compressed  air.  The 
borer  receives  its  up-and-down  motion  from  a  reciprocating  drum 
<h"iven  by  a  steam-engine.  The  gradual  lowering  of  the  borer, 
which  hangs  from  the  rope,  during  the  boring-work  is  very 
precisely  regulated  and  without  expenditure  of  power,  through 
spur-gearing  connected  with  the  rope-drum.  The  regulation  of 
the  rods  is  effected  by  means  of  a  pneumatic  accumulator.  The 
loosening  of  the  rock  is  performed  by  a  percussive  borer,  which 
is  so  arranged  that  water  under  pressure  is  conducted  through 
the  hollow  bore-rod  to  outlets  adjacent  to  the  cutting-edge  on 
the  under  side  of  the  borer,  the  jets  from  which  wash  the  broken 
rock  to  the  centre  of  the  shaft.  Two  air-pressure  pumps,  which 
are  secured  to  the  borer,  gather  the  broken  material  from  the 
deepest  point  of  the  conical  shaft-bottom  and  force  it  tlnough 
a  discharge-tube  to  the  surface.  The  delivery  of  the  sinking- 
debris  at  bank  is  effected  by  a  specially-constructed  Hexible  con- 
nection, as  are  also  the  pipes  conveying  the  compressed  air  for 
working  the  air-lift  pump  and  the  pressure-water  for  scouring 
the  bottom  of  the  sinking.  AVarned  by  the  unfortunate  cir- 
cumstances of  last  year,  Mr.  Pattberg  has  improved  the  con- 
struction of  the  shafts,  in  order  to  guard  against  unequal  side- 
pressure,  by  the  introduction  of  strengthening  rings,  spaced 
at  regular  intervals  and  strengthened  by  internal  walling.  This 
construction   is   described  as  "  compound  shaft- walling." 

This  arrangement  is  in  opeiatiou  at  Xos.  IV.  and  V.  shafts. 


392  RHEIX-PRKUSSEX    COLLIERY,    RUHRORT. 

and  has  answered  exeeedinglj-  well.  These  two  shafts  have 
been  bored  through  4(S0  to  510  feet  of  alluvial  and  Tertiary 
beds.  The  dimensions  of  both  shafts  are  the  same,  so  that  the 
parts  may  be  interchanged.  The  foundation-walls,  40  inches 
in  thickness  and  29  feet  in  internal  diameter,  are  carried  down 
to  a  depth  of  66  feet  through  strong  sand  and  gravel  in  order 
to  hold  back  the  pebble-bed.  Then  compound  shafts  ,4i  feet 
4  inches  in  internal  diameter  and  25  feet  in  external  diameter 
were  adopted,  and  have  reached  depths  of  195  and  243  feet 
respectively.  In  the  case  of  jN^o.  IY.  shaft,  a  concrete  plug, 
9  feet  10  inches  thick,  was  bored  through  in  six  days ;  and  a 
progress  of  3  feet  a  daj-  was  achieved.  The  153  feet  of  Tertiary 
strata  were  sunk  through  in  34  days,  being  at  the  rate  of  4i  feet 
a  day,  and  making  an  average  progress  of  4  feet  2  inches  per 
day.  In  the  case  of  jSTo.  Y.  shaft,  2  feet  8  inches  through  the 
concrete  and  5  feet  through  the  Tertiary  beds  was  bored  each 
day,  giving  an  average  depth  of  5  feet  7  inches  per  day.* 

The  expectations  which  were  formed  of  the  effect  of  per- 
cussive boring  with  short  strokes  of  8  to  12  inches  and  60  blows 
per  minute,  coupled  with  the  simultaneous  excavation  of  the 
rubbish  through  air-pressure,  and  the  introduction  of  , water 
under  pressure  through  the  borer  for  scouring  the  pit-bottom, 
have  been  fully  realized.  At  these  pits,  as  a  matter  of  fact,  the 
boring  had  often  to  be  suspended,  because  the  shaft-wallmg  could 
not  keep  pace  with  it.  The  shaft  has  been  deepened  16A  feet 
in  24  hours  on  several  occasions,  and  about  8,500  cubic  feet  of 
material  have  been  bored  and  raised  to  bank,  from  a  shaft 
25  feet  7  inches  in  external  diameter.  There  is  also  the  very 
satisfactory  feature  that  the  shaft  has  been  kept  absolutely 
vertical,  which  previously  was  not  obtainable.  The  lining  of 
the  shaft  is  forced  down  by  means  of  hydraulic  rams,  which  are 
ranged  round  the  shaft  at  a  distance  of  about  4  feet  one  from  the 
other.  These  rams  press  against  the  foundation-wall,  and 
ensure  that  each  portion  of  the  shaft  is  forced  down  to  an  equal 
extent.  Latterly,  Mr.  Pattberg  has  adopted  tubbing-rings  in 
lieu  of  masonry,  with  satisfactory  results. 


*   Tran.^.  Iii.-f.  M.E.,  1903,  vol.  xxv.,  page  150,  plate  VIII. 
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XiaMl'HL  ('()LLIP]RY. 
This  is  a  modern  colliery,  which  has  been  at  work  for  eipht 
years,  and  is  now  raising  1,000,000  tons  of  coal  per  annum  from 
two  shafts.  At  the  upcast  shaft,  which  has  an  entirely  enclosed 
pit-bank,  there  are  four  cages  with  two  winding-engines.  A 
compound  horizontal  winding-engine  is  drawing  1,500  tons  per 
day  from  a  depth  of  1,500  feet,  and  is  designed  to  wind  from 
an  ultimate  depth  of  2,o00  feet.  The  high-pressure  cylinders 
are  35i  inches  in  diameter,  the  low-pressure  cylinders  are 
49|  inches  in  diameter  by  71  inches  stroke,  the  drum  is  tapered 
from  21  feet  4  inches  to  2T  feet  10  inches  in  diameter,  the  wind- 
ing-rope is  9^  inches  in  circumference,  the  three-decked  cages 
weigh  4  tons,  six  iron  tubs  weigh  -^  tons,  ^^  tons  of  coal  are  drawn 
per  Avind,  and  the  time  occupied  is  1  minute. 


PROSPEE  COLLIERIES. 

The  Prosper  collieries  are  veiy  extensive  and  well-equipppd, 
although  they  have  been  working  a  considerable  time.  The 
bottom-level,  from  which  coal  is  being  drawn,  is  about  1,750  feet 
deep.  The  cages  contain  eight  decks  each,  with  one  tub  on  each 
deck,  and  there  are  two  sets  of  cages  running  in  the  same  shaft 
at  the  same  time.  The  cages,  on  account  of  their  length,  are  made 
in  halves  and  bolted  together.  There  is  a  duplicate  winding- 
engine  and  extra  pulleys  are  fitted  on  the  headgear,  arranged  so 
as  to  be  common  to  both  shafts;  and  in  case  of  accident  to  cither 
of  the  ordinary  winding-engines,  the  cages  can  be  detached  from 
the  ropes  and  attached  to  the  spare  ones  on  the  duplicate  enirine, 
and  coal-winding  can  be  restored  as  usual  within  2  hours. 

The  plant  includes  three  winding-engines  (two  of  which  are 
fitted  for  winding  on  the  Koepe  system),  a  large  direct  double- 
acting  pumping-engine,  three  air-compressors,  three  electric- 
lighting  plants,  duplicate  fan-engines,  central  condensing- 
engine  for  water-cooling  plant,  brickmaking  plant  in  duplicate, 
two  Baum  coal-washing  plants  for  treating  200  tons  per  hour, 
a  Humboldt  coal-washer  for  150  tons  per  hour,  60  Kopper  coke- 
ovens  Avith  bye-product  recovery-plant,  and  58  Collins  coke-ovens 
with  bye-product  recovery-plant. 
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This  is  a  new  colliery,  tlie  shafts  being  completed  in  1900 
to  the  2,300  feet  level.  The  present  output  is  3,000  tons  per 
day  of  16  hours.  The  shaft  is  divided  by  a  central  partition,  and, 
until  a  communication  was  made  with  Xo.  I.  and  Xo.  II.  pits,  it 
served  for  both  upcast  and  downcast.  A  small  portion  of  the 
upcast  is  again  partitioned  olf  for  pump-mains,  steam-pipes, 
etc.  The  downcast  and  upcast  portions  of  the  shaft  are  each 
provided  with  a  complete  set  of  winding  apparatus,  winding  from 
different  depths.  The  upcast  Avinding  arrangements  consist  of 
four-decked  cages  with  two  tubs  on  each  deck.     Keps  are  not  in 

use  at  the  sur- 
face. The  wind- 
ing-engine has 
two  horizontal 
cylinders,  36 
inches  in  dia- 
meter by  6  feet 
stroke,  with  a  cy- 
lindrical dram  23 
feet  in  diameter. 
A  Baum;ii:n 

controller  auto- 
matically regu- 
lates the  speed 
by  altering  the 
cut-off,  and  pre- 
vents over-wind- 
ing. The  engine- 
house  is  an  orna- 
mental structure 

with  stained-glass  windows,  curtains,  tiled  and  carpetted  floor, 
and  walls  decorated  with  both  dado  and  frieze,  and  is  kept 
clean  and  neat.  The  headgear  is  a  steel,  combined  lattice-and- 
girder  fiaming.  It  has  a  main  frame  (square  in  plan)  immedi- 
ately above  it,  on  which  are  carried  two  sets  of  pulleys  placed 
at  right  angles  to  each  other.  A  framing,  carrj^ing  a  two-railed 
track  for  a  travelling  overhead  carrier,  is  fitted  above  each  set 
of  pulleys,  by  means  of  which  the  pulleys  may  be  lifted  out  of 
their  seating  and  lowered  direct  to  the  ground-level  or  vice  versa 
(Fig.  12). 


Fig.   12. — Double  Hk.\ugkar  at  Khein-Ei.bk  Collieky. 
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A  coal-washer,  in  course  of  erection,  is  designed  to  wash  l'-20 
tons  per  hour  on  the  new  Baum  system.  There  aie  two  com- 
pressed-air driven  hydraulic  jigs  of  different  sizes.  The  coal, 
as  it  comes  from  the  mine,  will  be  washed  on  the  larsi-er  jis>-,  and 
the  smaller  jig  will  rewash  the  slack. 


HOLLAND  COLLIERY. 

This  is  a  large  and  well-equipped  modern  colliery.  The 
horizontal  bars  of  the  screens  revolve  in  the  direction  in  which 
the  coal  travels.  The  shunting-locomotives  have  no  fur- 
naces, and  the  boiler  or  steam-reservoirs  are  charged  when 
required  from  the  colliery-boilers.  The  ventilation  is  effected 
by  a  Capell  fan.  There  is  a  battery  of  30  Otto  coke-ovens  and 
another  of  Collins  ovens ;  and  the  gases  from  both  batteries  are 
led  to  a  bye-product  and  tar-distillery,  producing  sulphate  of 
ammonia,  benzol,  anthracene,  naphthalene,  lubricating-greaso 
and  pitch. 

SHIP-LIFT  AT  HEXRICHEXBIRG. 

This  interesting  work,  a  new  departure  in  canal-engineering, 
is  capable  of  lifting  boats  up  to  213  feet  in  length  and  600  tons 
in  weight  through  a  height  of  52  feet.  A  trough,  229  feet 
8  inches  long,  28  feet  3  inches  wide,  and  8  feet  3  inches  deep, 
rests  with  iron  structures  on  five  cylindrical  floats,  which  are 
completely  immersed  in  wells,  -iO  feet  wide  and  nearly  100  feet 
deep.  The  trough  is  really  borne  by  two  longitudinal  girders. 
which  run  alongside  its  lateral  sides,  and  by  ties  hanging  down 
from  them.  In  its  ascent  and  descent,  the  trough  is  guided  by 
four  screws  81  feet  4  inches  high  and  11  inches  in  external 
diameter,  the  nuts  of  which  are  fixed  to  the  trough.  Each  screw 
is  crowned  with  a  bevel-wheel,  driven  by  bevel-gearing  and  shafts 
from  the  middle  of  a  bridge,  above  the  high  reach.  The  drivinL' 
shafts  are  thus  about  one-third  of  the  length  of  the  trough. 
There  are  two  vertical  compound  steam-engines  of  220  horse- 
power :  one  of  them  actuates  the  pumps  which  maintain  the 
water-level  in  the  high  reach,  and  the  other  works  the  locks. 
Each  engine  is  directly  coupled  to  a  continuous-current  dynamo, 
yielding  currents  of  230  volts  and  150  kilowatts  at  150  revolu- 
tions per  minute.  A  motor  of  150  liorsepower  turns  the  screws. 
K'ormallv  both  ends  of  the  trough  and  both  ends  of  the  canal- 
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reaches  are  closed  by  shutters.  When  a  ship  is  to  be  locked 
and  the  trough  is  to  be  raised,  the  heavy  bolts  which  keep  the 
shutters  in  position  are  withdrawn ;  then  the  two  shutters,  which 
face  one  another  at  the  low  reach,  are  coupled  together.  A 
small  sluice  is  then  raised  on  the  trough-shutter  at  the  low 
reach  and  the  water  is  admitted  iuto  the  chamber — the  slot 
which  is  between  the  two  shutters  ;  that  chamber  is  of  course 
small,  but  it  cannot  be  altogether  avoided.  The  two  shutters 
are  now  raised  together,  so  that  the  boat  may  enter,  and  electric 
capstans  move  the  boat  if  necessarj^.  The  lower  edges  of  the 
shutters  are,  while  the  trough  is  open,  about  15  feet  above  the 
trough-water  level.  The  ship  being  secured  in  the  trough,  the 
shutters  are  lowered  again  by  hand,  and  being  counterbalanced, 
the  work  can  be  easily  done  by  two  men.  The  signal  "  up"  is 
now  given,  and  the  screws  begin  to  turn.  AYhen  the  trough  has 
arrived  at  the  high  level,  a  man  jumps  over  to  the  fixed  structure 
of  the  high  reach  and  reopens  the  doors.  This  operation — a 
single  locking — takes  5  minutes.  The  descent  is  accomplished 
in  the  same  time,  and  most  of  the  time  is,  as  in  all  such  cases, 
spent  in  getting  the  boats  in  and  out  of  the  lock,  as  the  actual 
rise  or  descent  of  the  trough  occupies  only  2  minutes.  The  plant 
cost  about  £125,000,  and  the  annual  working  expenses  are 
rather  below  £1,000,  including  attendants'  salaries. 


BOCHUM  MINING  SCHOOL. 

This  school  is  now  established  in  the  new  buildings  erected 
at  a  cost  of  £54,000.  Dr.  Schultz,  a  member  of  the  Prussian 
Parliament,  the  head  of  the  staff,  is  supported  by  a  numerous 
staff  of  professors.  The  number  of  students  in  attendance  at 
the  school  is  about  650,  consisting  chiefly  of  young  men,  who, 
having  performed  their  military  service,  are  desirous  of  becom- 
ing colliery-officials  above  or  below  ground ;  and  from  their 
ranks  are  recruited  practically  the  whole  of  the  official  staff 
of  the  Ehenish-AVestphalian  coal-field.  The  curriculum 
includes  thorough  instruction  in  mining,  geology,  mineralogy, 
mining  chemistry,  surveying,  mechanical  engineering  and 
electrical  engineering.  The  entrance  to  the  school  is  by 
examination.  Xo  fees  are  charged ;  the  expenses  being^ 
defrayed  by  the  coal-owners,  who  raise  the  amount  required  by 
levying  a  small   tonnage-rate.       To  enable   students  to  attend 
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while  engaged  at  the  mines,  instruction  is  given  from  TO  a.m. 
until  1045  a.m.  for  those  engaged  on  the  evening  shift;  and 
from  3-.30  p.m.  to  715  p.m.  for  those  engaged  on  the  morning 
shift— a  student  entering  one  or  other  set  of  classes.  Besides 
lecture-rooms,  drawing-rooms,  laboratories  and  museums,  the 
school  is  equipped  with  a  250  tons  rope-testing  machine;  and 
also  with  machinery  for  testing  separate  strands  from  ropes,  in 
tension,  torsion  and  bending;  and  further,  with  an  exceptionally 
fine  machine  for  testing  anemometers.  A  pit,  100  feet  deep, 
is  used  for  giving  lessons  in  diving:  this  subject  is  not  com- 
pulsory, but  it  is  invariably  taken  by  students.  A  rescue-station 
is  attached  to  the  school,  and  regular  drill  is  given  in  it. 

In  connection  with  the  surveying-department,  an  observatory 
is  established  in  the  town-park  ;  and  meteorological  and  magnetic 
observations  are  automatically  recorded.  The  magnetic  varia- 
tions are  published  by  the  school,  and  copies  are  sent  to  the 
mining-surveyors  of  the  district. 

At  Consolidation  III.  collieiy,  a  gallery  for  testing  the 
behaviour  of  explosives  in  the  presence  of  fire-damp  and  coal- 
dust  has  been  erected  by  the  school. 

In  connection  with  the  chemical  and  physical  department, 
much  work  is  done  for  the  collieries  :  for  example,  last  year  over 
3,000  samples  of  air  taken  from  the  mines  were  examined  for 
fire-damp  and  carbon  dioxide,  while  many  analj'ses  were  made 
of  water,   coal,  coke,   briquettes,   boiler-scale,   etc. 


This  successful  excursion  was  arranged  under  the  auspices 
of  the  Association  for  the  Promotion  of  Mining  Interests  in  the 
Dortmund  District,  usually  knf)wn  as  the  Bergbauverein.  The 
president,  council  and  members  of  the  Midland  Institute  of 
Mining,  Civil  and  Mechanical  Engineers  (and  particularly  those 
who  took  part  in  the  excursion)  desire  to  express  their  sincere 
thanks  for  the  admirable  arrangements  to  the  officers  of  the 
Bergbauverein,  and  especially  to  their  representatives  Bor- 
gassessor  Schultz  and  Director  Meyer.  They  also  wish  to  thank 
the  management  of  the  collieries  visited  for  the  cordial  and 
hospitable  reception  accorded  to  them. 
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